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INTRODUCTION 
Attempts to increase seed yields in soybeans have been 
based on selection for seed yield per unit area. These yield 
increases could have come from variation in number of plants 
per unit area, number of nodes on the main stem, pods per node, 
seeds per pod, seed size or number of branches. 
In any intensive approach to yield improvement, it is 
helpful to know what components of yield are most plastic. 
With reference to soybeans, is it seed size or number? If 
number, is it nodes, pods/node or seeds/pod? Soybean breeders 
have pointed out that selection for yield via selection for its 
components is unlikely to succeed because of negative corre­
lations among components. Given a knowledge of the most 
plastic components, however, intensive—e.g., physiological— 
approaches can be targeted more accurately. 
Shibles et al, (19?5) have alleged that, except under 
stress conditions, seed size is relatively invariate and that 
yield variation is primarily a function of seed number. They 
also point out that soybeans abort a large number of flowers, 
pods and seeds. Preliminary to undertaking studies relative 
to abortions, this study was conducted to examine the hypothe­
sis that seed yield is principally a function of seed number 
and, if confirmed, to learn which components of seed number 
are most plastic. 
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LITERATURE REVIEW 
A great deal of research has been done in many crops in 
recent years on yield and its components. A large part of this 
work has covered the leguminous grain crops, and some has been 
focused on the soybean crop because of its great economic 
importance, 
The research done on soybeans has included the effects of 
many practices like date of planting, spacing, population, 
light, etc. In cases where yield variation occurred, many 
investigators tried to establish relationships between yield 
changes and variation in particular yield components. Even 
when no variability in yield was obtained, they tried to 
ascertain how the yield was partitioned among the different 
components as influenced by those different practices. 
Analysis of variance, simple, partial and multiple corre­
lations » and regression analyses were used to measure the re­
lationships between yield and its components and the inter­
relations between the components themselves. 
In order to facilitate the reading of this section the 
results obtained by many investigators are summarized in 
tabular form (Table 1). Some of these results will be further 
discussed in the appropriate subsections. 
Table 1. Response of soybean yield and yield components to several treat­
ments or environmental factors 
Type and direction 
of treatment or en­
vironmental factor 
Area effects^ Plant 
Yield 
Pod 
no. 
Seed Seed 
no. size Yield Ht 
Node 
no. 
Pod 
no. 
Planting date - lateness -
b 
Planting date - lateness 
Indeterminate cv. 
Determinate cv. 
-
1 
1 _b 
0 
Row spacing - narrower 
26,136 plants/acre 
209,088 plants/acre 
+ 
+ 
+ +
 
o
 o
 
+ 
+ 
0 
Seeding rate - increasing 0 - + -
Seeding rate - increasing - + 0 -
Seeding rate - increasing - 0 -
Seeding rate - increasing 0 0^ - -
Population - increasing + + -
Population - increasing + + 
Population - increasing - -
Population - increasing - - -
Light - increasing + + + + 
Te^ipsraturc - increasing 0 + + 0 
Water - increasing + + 
COg - increasing + + 
u 
CO^ - increasing + + 
COg continuous - increasing + + 
= negative effect; + = positive effect; 0 = no effect. 
^Most important variable associated with yield. 
4 
effects^ 
Seed Seeds/ Pods/ Seed Branch 
no. pod node size no. Citation 
0 
0 
4-
Dimmock and Warren (1953) 
Carter (1974) 
+ 0 0 + Weber et al. (1966) 
+ - -
+ + 0 
Zahan (1965) 
0 - Singh (1969) 
0 Remussi et al. (1971) 
0 0 - Pandey and Torrie (1973) 
+ - Anonymous (1962) 
0 0 - Schuster and Spennanan (1964) 
Fontes and Ohlrogge (1972) 
Enyi (1973) 
+ + - + Johnston et al. (1969) 
0 0 Howell and Cartter (1958) 
+ Burnside and Colville (1964) 
+ + + Cooper and Brun (1967) 
Al-Kawa?. and Hodges (1970) 
0 Hardman and Brun (1971) 
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Date of Planting, Row Spacing, Seeding 
Rate and Population Studies 
The influence of row spacing, seeding rate, population 
and date of planting on soybeans has been extensively reported 
in the literature. Most of these reports measured the influ­
ence of these practices solely on yield. 
Delay in planting has been associated with decrease in 
yield per unit area and the component related most with this 
decrease in yield has been number of seeds per unit area 
(Dimmock and Warren, 1953; Carter, 1974). At one location, 
Carter worked with cultivars of indeterminate and determinate 
growth habit. He found that total number of seeds produced 
was most associated with yield in both growth haoits. With 
indeterminate plants part of the reduction in number of seeds 
came about by decreased number of fruiting nodes with lateness 
of planting. 
The study of Weber et al» (1966) is the only one that 
presents data on yield components in soybeans where the effects 
of row spacing can be clearly separated from the effects of 
population (Table l). They got soybean seed yield increases 
firom narrow rows in low and high populations. Probably this 
effect was due to the better- plant distribution and better 
light interception in narrow rows. Plants in the lowest 
population had more pods and seeds per plant and smaller seed 
size. Plants in the highest population had more seeds per 
pod and seeds per plant. The overall effect of narrow rows 
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seems to be the production of more pods and seeds per plant. 
Over a wide range, seeding rates and populations have boon 
shown to have no significant effect on yield (Hartwig, 1957; 
Pendleton et al., I96O; Hicks et al., I969; Moraghan, 1970). 
However, components of yield have been shown to be affected, 
even though no yield differences occurred (Table 1). Seed 
yield per plant is usually decreased with increasing popula­
tion, and this is mainly the result of reductions in number of 
pods and seeds per plant. Branch number is also decreased 
with population increases, and this undoubtedly lowers the 
contribution of branches to total plant yield. Seeds per pod 
either shows no variation with population changes or decreases 
with increasing population. Seed size effects are not consis­
tent. Plant height has been usually shown to increase with 
increased populations. 
Lights Temperature, Water and Carbon Dioxide Studies 
Soybean seed yields, of course, are affected by all these 
environmental factors. Light and temperature can affect many 
biological processes, and therefore, yield. Besides daily 
variations in light that will affect the plant or the crop 
cover as a whole, there are variations in the distribution of 
this light within the canopy as the plant grows. Yield and 
yield components are affected on a whole-plant basis, and 
effects can be noticed in certain regions of the plant struc­
ture as well. 
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The effects of temperature can be visualized as an in­
fluence on virtually all life processes. Carbon dioxide is one 
of the essentials in photosynthesis and, therefore, can be a 
limiting factor. In soybeans, particularly, it has been 
shown that COg is one of the limiting factors in photosynthe­
sis (Cooper and Brun, I967), Yields of many crops can be 
increased by enriching the air with CO2 (Wittwer and Robb, 
1964; Al-Kawaz and Hodges, 1970), 
The bottom, middle and top sections of the canopy showed 
yield increases in soybeans of 30, 20 and 2)2, respectively, 
by added light in an experiment conducted by Johnston et al. 
(1969). The components of yield v/hich increased were number 
of nodes, number of pods, number of seeds, pods per node, 
seeds per pod, and branches per plant. Seed size was decreased. 
Howell and Cartter (1958) studied the effect of tempera­
ture on soybean yield and its components. Increase in tempera­
ture increased plant height and number of nodes. Number of 
pods, number of seeds, seed size, and seed yield were not 
increased. 
SurTiside and Golville (1964) Md irrigated and non-
Irrigated plots as part of their study. Irrigated plots 
showed greater plant height, lodging, seed size, and seed 
yield* Data on pod number and seed number was not pre­
sented. 
Feeding carbon dioxide to soybean plants above the normal 
air concentration has been shown to increase yield signifi­
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cantly (Cooper and Brun, 196?; Al-Kawaz and Hodges, 1970; 
Hardman and Brun, 1971). Plant height, number of pods, number 
of seeds and seeds per pod on the main stem have been in­
creased by carbon dioxide enrichment. Number of branches has 
also been increased. 
Components of Yield Analyses 
Yield of crop plants is a very complex parameter. Yield 
in a broad sense can be affected by the environment the crop 
is in, the genetic background of the variety being used and 
by management. Of course, if one is to make any changes in 
the genotype of a crop or in the management being used, it is 
important to know which plant characters are associated with 
yield. À good approach to this is to get information about how 
this yield is made and about which characters are prone to 
changes or are related most with yield. In other words, in­
formation is required about yield and its components» 
Yield can be partitioned in many ways, as far as the study 
of yield components is concerned, and some researchers have 
attempted to determine the contribution of the several compo­
nents to yield variation. 
Weatherspoon and Wentz (193^) were among the first re-
searchers to study soybean yield and its components. The 
large set of lines they tested differed significantly in their 
components of yield. Significant simple correlations were 
found between yield and plant height, number of nodos per 
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plant, number of pods per plant and number of pods per node. 
Partial correlation coefficients indicated plant height and 
number of pods per plant were the most important characters 
associated with yield. In their regression analyses though, 
plant height, number of nodes per plant, number of pods per 
plant and seed size accounted for only l??^ of the variation in 
yield. 
Seed yield was positively correlated with number of pods, 
seeds and branches per plant, but not with plant height in a 
study by Pan (196?). 
Gopani and Kabaria (1970) worked with simple correlation, 
multiple correlation, and multiple regression analyses to 
examine yield and agronomic traits in soybeans. The simple 
and multiple corrélation coefficients of yield with number of 
pods, seeds, and branches per plant were positive and signifi­
cant. Of these three components number of seeds per plant 
was the most important. Because they also found number of 
seeds to be highly heritable and to show large expected 
genetic advance, they suggested it would be a good selection 
index for yield improvement. 
Khurana and Sandhu (19?2) worked with 55 soybean cultivars 
to examine the interrelationships among quantitative traits. 
Multiple correlation showed 71.5f^ of the variability in seed 
yield to be explained by number of pods and branches per 
plant, with number of pods per plant making the greatest 
contribution. 
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Thirty-seven varieties were used by Kaw and Menon (1972) 
to study relationships of yield and yield components. Sig­
nificant positive correlations were found between seed yield 
per plant and plant height, number of pods and number of seeds 
per plant. Number of seeds per plant, which gave a signifi­
cant correlation coefficient with seed yield, produced a 
negligible direct effect, but a positive indirect effect via 
number of pods per plant. Seed size and plant height pro­
duced very little direct effects, but fairly high indirect 
effects on seed yield. Seed size was negatively related with 
number of pods, number of seeds and plant height. The path 
coefficient analysis pointed out number of pods per plant as 
being strongly associated with seed yield, both directly and 
indirectly. 
Pandey and Torrie (1973) conducted a comprehensive study, 
using several lines, to examine the influence of seeding rates 
on seed yield components in soybeans. The three components 
examined were pod number per unit area, seeds per pod, and 
seed size. Direct and indirect effects of these components 
were examined by a correlation and path coefficient analysis. 
There was usually a negative association among yield compo­
nents. Seeding rates were not significantly different for 
pods per unit area, seeds per pod, seed size, and seed yield. 
Plants per unit area, pods per plant, nodes, and branches per 
plant were different though. Therefore, the soybean plant 
showed a great ability to compensate for different stands. 
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All three components studied had a positive, direct effect on 
yield, but the correlation of pods per plant and seed yield 
was usually the highest. However, the path coefficient 
analysis revealed that seeds per pod was an almost equally 
important contributor to yield variance, its direct effects 
being masked by negative indirect effects related to pod 
number per unit area and seed size. 
Summary 
In summary, the literature review allows the following 
generalizations! 
1. Narrow rows increase seed yields per unit area in 
soybeans in low or high populations, probably due to better 
plant distribution and light interception. This yield increase 
is associated with more pods and seeds per plant produced in 
narrow rows. 
2. The soybean plant evidently compensates, through 
changes in yield components, for differences in stand, and 
these compensating relationships among yield components are 
responsible for the lack of variation in yield across wide 
ranges? of seeding rates or populations. 
3. Carbon dioxide positively increases seed yields= The 
components associated with this increase are plant height, 
number of pods, number and size of branches and pods on 
branches. 
Simple and partial correlation studies have shown 
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plant height, number of nodes, number of pods per plant, num­
ber of pods per node, number of seeds and number of branches 
to be the most important characters directly and indirectly 
related to yield. 
5. Regression analyses have indicated that plant height, 
number of pods, seeds and branches per plant account for most 
of the variation in yield. 
6, Most studies have concentrated on whole plant summa­
tions and have not partitioned yield into all of its primary 
components—e.g., seeds per pod, pods per node, number of 
nodes and seed size. 
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MATERIAIfi AND METHODS 
General Procedures 
Treatments and design 
The cultivars used in this work were Hark, Rampage, 
Harosoy-63 and Magna. Two isogenic lines of Harosoy were also 
included—Harosoy-Dt^, a determinate line, and Harosoy-ln, a 
lanceolate-shaped leaflet line. These cultivars and lines were 
chosen because some are known to differ in yield components. 
Others differ in genetic background which could influence re­
sponse of yield components. 
Hark and Rampage belong to maturity group I and they have 
"open" and "closed" canopies, respectively. Harosoy-63 is of 
group II maturity and has an indeterminate habit. Harosoy-
Dt2 is a isoline of Harosoy-63 with determinate growth habit, 
and Harosoy-ln is another isoline with lanceolate-shaped leaf­
lets and a high percentage of ^-seeded pods. Magna is of 
maturity group II with very large seeds and a closed canopy. 
The managements used were specifically chosen to provide 
a range in yield and, thus, an indication of how yield compo­
nents vary with change in yield for the different cultivars 
and lines. These managements consisted of wide rows (105 cm): 
narrow rows (30 cm), narrow rows plus irrigation and netting 
to prevent lodging, and narrow rows plus irrigation, netting 
and carbon dioxide enrichment. COg enrichment has been shown 
to increase yield in soybeans significantly (Cooper and Brun, 
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1967; Al-Kawaz and Hodges, 1970; Hardman and Brun, 1971). 
Only Harosoy-63 and Harosoy-Dtg were used in the latter man­
agement. These managements will be referred to hereafter as 
Mgt-1, Mgt-3, and Mgt-4, respectively. They are presented in 
this order and it was expected to get an increase in yield in 
this same order. 
For Mgt-3, small dikes were built in each replication 
around the plots. The intent was to maintain this treatment 
near field capacity. A rain gauge was installed near the plots 
and open-pan evaporation was checked from the records kept 
at the Agronomy and Agricultural Engineering Research Center, 
one mile west. The center has an official U.S. Weather Service 
station. Three Irrometers (tensiometers), which measure soil 
moisture stress as a percentage of field capacity, were in­
stalled, one in each block, at about 25 cm depth. It was 
verified that each time the Irrometers indicated 35^ (field 
capacity would be shown as zero) there would have occurred a 
net evaporation (pan evaporation minus precipitation) of about 
50 mm. The plots were first irrigated to field capacity near 
beginning bloom, and each time thereafter that the Irrometer 
reached 35#, about 50 mm would be added to the plots. The 
water for irrigation was brought via an underground plastic 
pipe from a deep well in the near vicinity. A rubber hose was 
attached to the plastic pipe and moved around to each neces­
sary spot. The water was distributed through furrows, made 
by hand hoeing, between the rows. 
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To prevent lodging, plastic netting was set horizontally 
on the plots in Mgt-3 just a few days after beginning bloom. 
This net had a mesh of 15 by 15 cm and was held over the plots 
by wooden stakes. Vf hen the netting was first installed it was 
at about 15 cm from the top of the plants and about 45 cm 
from the soil. The plants were then allowed to grow through 
the netting, and thereafter the netting was raised as neces­
sary to provide effective support. It was kept about 25 cm 
below the top of the canopy. 
In Mgt-4 semi-open plastic chambers 1 x 2 x 2 m high, 
were placed over the soybeans and CO2 was added to these 
ventilated chambers to provide enrichment to 6OO ppm. The 
chambers were installed and the CO^-enrichment started just 
before flowering—about July 5» Carbon dioxide was fed to 
the chambers 10 hours a day—5 hours each side of solar noon— 
until a few days after physiological maturity—about September 
5. It had been shown by Hardman and Brun (1971) that extra 
COg during this period would cause the highest increase in 
yield. 
The chambers were ventilated 24 hours per day after their 
installation to avoid standing air over the plants or over­
heating. Details of the chamber enrichment system àrê given 
in a later section. Irrigation for this treatment was per­
formed the same as in Mgt-3» an Irrometer having been in­
stalled in one of the chambers. Inside the chambers two 
layers of netting were used to prevent lodging because greater 
16 
plant growth was expected. Although this held the determinate 
plants quite straight, some late lodging occurred above the 
second layer in the chambers with Harosoy-63 due to excessive 
growth. 
This research consisted of two experiments. One of the 
experiments consisted of three managements (Mgt-1, Mgt-2 and 
Mgt-3) and all six cultivars and lines and will be referred 
to as the Three-Management experiment. The other experiment 
consisted of all four managements and two lines (Harosoy-63 
and Harosoy-Dtg) and will be referred to as the Four-Manage­
ments experiment. Because of a very severe storm in 1973» 
which broke the chambers and ruined the plants used in the 
COg-enrichment treatment, data will be presented on the Four-
Management experiment for 1974 only. 
The design used in both years and in both experiments was 
a split-plot with managements as the main plots and cultivars 
and lines as the split plots. The main plots were arranged in 
three randomized blocks. 
Analyses of variance, correlation and regression was per­
formed on both experiments. 
Location 
This study was conducted in 1973 and 1974 at the Bruner 
Farm, 6 miles west and 0.5 miles south of Ames, Iowa (42° N 
latitude and 93° W longitude) on a Clarion-Nicollet-vvebster 
soil association. 
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Land preparation, fertilization and herbicide 
The area used in 1973 grew maize (Zea mays L.) the year 
before. The soil was worked in the fall of 1972 with a mold-
board plow, incorporating the fertilizer which was applied at 
the rate of N-110, P-6o and K-110 kg per hectare. The area 
used in 1974 was planted to oats (Avena sativa L.) the year 
before. It was plowed in the spring, incorporating N-110, 
P-60 and K-110 kg per hectare. 
In both years the experimental area was tilled with a 
field cultivator three times in the spring. The herbicide, 
Trifuralin (a, a, a-trifluro-2.é-dinitro-N.N-dipropyl-p-
toluidine), was applied in the second operation at the rate of 
380 g per hectare. The third operation was done just before 
planting. 
Planting and thinning procedures 
In 1973: planting was done with a push-type, one-row 
planter. Date of planting was May 19s and 11 days later 70% 
of the seedlings had emerged on all plots. Some transplanting 
was necessary to insure the necessary within-row spacing. 
In 1974, planting was done with a multi-row, unit planter 
pulled by a tractor. Date of planting was June 2, because 
earlier planting was impossible due to excess soil moisture. 
Eight days later 70^ emergence was observed on all plots. 
Some transplanting was done to get a uniform plant distribution. 
In both years, over-planting followed by thinning was 
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done to obtain a uniform plant distribution and the desired 
plant population. Plants in narrow rows were thinned to about 
8.4 cm apart and in wide rows to 2,5 cm. This is equivalent 
to a population of 387,000 plants per hectare. Soybean seed 
yield is not much affected by a fairly wide range in plant 
population (Hanway, 195^; ^ ^ffell and Barber, 1961; Cooper, 
1971). The population used here is within the range where 
usually no statistically significant population effects on 
yield are found within either row spacing. Only one popula­
tion was used in this work to avoid confounding row spacing 
and population effects. 
The plots were 3.4 m long and wide-row plots consisted of 
three rows 105 cm apart; the narrow-rows plots consisted of 
five rows 30 cm apart. 
Weeding 
Plots were kept weed free at all times by use of hoes— 
push-type v;heel"hoes, a rotary hoe or hand-hoeing as necessary. 
Narrow rows required less weeding because they soon covered 
the middle rows. The herbicide gave good weed control in both 
years. 
Insect control 
In both years, Malathion 50 (0,0-dimethyl dithiophosphate 
of diethyl mercaptosuccinate) was sprayed on the foliage to 
control insects, mainly grasshoppers (Schistocerca americana) 
and green clover worms (Plathypena scabra). In 19?H, tbsre 
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was also some attack by red spider mites (Tetraavchus 
turkestani) which were well controlled by the same insecticide. 
Sampline 
Plants were selected from the center row in the wide-row 
plots and from the three center rows in the narrow-row plots. 
No plants were selected from within 30 cm of each end of the 
plots to avoid border effects. 
Twenty plants at random were harvested per plot, tied in 
bundles and stored indoors. As needed, these bundles were 
taken to the laboratory where 10 plants were then used for the 
actual measurements. 
The COg-Enrichment System 
Ventilated plastic chambers were used to maintain the 
increased carbon dioxide atmosphere around the plants in the 
GOg-enrichmsnt treatment= 
These chambers were those designed and built by Hansen 
(1970) for his photosynthesis studies. They had a base made of 
2 2.5 cm by 25 cm redwood lumber that covered an area of 2 m . 
At the bottom of the bases strips of galvanized sheet metal 
v/ere attached which provided a way of pushing these bases into 
the soil and making a relatively air-tight seal between the 
soil and the bases. Some soil was added here and there to 
improve sealing. 
Over the bases a rectangular frame about 2 m high was 
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mounted to provide the support for the plastic cover. These 
frames were made of 1.25 cm galvanized electricians thin 
wall conduit, and the frame legs were spring-loaded to apply 
tension to the covers. 
The covers were made of 3-mil polyvinyl chloride plastic 
film and the pieces were joined together by gray ducting tape. 
All splices were made to fall on the frame to minimize shading. 
The tape at the bottom of the cover had holes that were passed 
through bolts in the top of the chamber bases. At this joint 
a plastic foam strip and aluminum angle-iron pressed against 
the plastic provided a relatively air-tight seal. 
The bases were held to the soil by means of iron chains 
attached to iron stakes driven into the ground. The frame 
was secured by nylon cord attached near the top and to iron 
stakes driven into the ground. 
The chambers were set over the three center rows of the 
five-row plots. About 60 cm of border was left on each end, 
giving a border around all sides of the treated area. 
The air supplied separately to each of two chambers was 
drawn from a single 200-liter metal barrel which provided a 
system for mixing the added COp with air. This barrel had a 
shest=mGtal pipe of approximately 22 cm soldered to a hole made 
on its top and a sheet^ metal hat prevented rain water from 
getting in. 
Two squirrel-cage blowers were also soldered to holes on 
each side of this barrel. The air pulled by these blowers, 
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through the pipe on the top of the barrel, would then be blown 
to the respective chamber. 
From the barrel, air would be blown through a flexible, 
15-cm tubing to a y-shaped pipe that divided the air stream 
into two 10-cm streams. Prom these 10-cm outlets more flexible 
tubing led to 10-cm stove pipes, which entered the wooden 
base and extended lengthwise in the chamber between the soy­
bean rows. These pipes were supported about 2.5 cm from the 
ground and 25 cm from the side walls. They had two rows of 
1-cm holes, spaced 5 cm apart, punched on them to provide a 
uniform air distribution in the chamber. Therefore, the air 
would get into the chambers near the ground and move upward 
to escape through three 10-cm holes on each side of the 
plastic covers near the top. 
All pipes and barrels were sprayed with aluminum paint 
and the tubing wrapped with aluminum foil to reduce heating of 
the air. 
The flow rate to a chamber had been measured before 
(Hansen, 1970) with a Hastings Model B-22 Air-Meter, 
Twenty-three-kilogram tanks containing approximately 
12,375 liters of COg provided the gas for enrichment of the 
atmosphere in the chambers. 
A combination pressure and flow rate indicator valve was 
attached to the tanks. This flow indicator was calibrated 
with a more precise flow meter. Knowing the air flow into the 
chambers and controlling the flow out of the gas tanks, it was 
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possible to increase the GOg concentration in the chambers to 
about 600 vpm. 
The flow of extra COg was controlled by a solenoid valve 
attached to the pressure indicator valve. The solenoid valve 
was automatically operated by a clock-operated switch, which 
was set to open the valve at 8:15 in the morning and close it 
at 6j15 in the afternoon. This would provide 10 extra hours 
of double COg concentration around the real mid-day for July 
in Ames. 
A 0.5 cm polyethylene tubing, dropped into the barrel 
inlet, made the connection between the solenoid valve and the 
barrel. 
Measurements 
Table 2 lists all the characters studied and gives re­
spective units and terminology that will be used throughout 
this dissertation. 
As previously mentioned, 10 plants per plot were used for 
measurements» The 10 plants were taken to the laboratory 
where the pods were removed and hand threshed. For each node 
data were recorded on number of pods, seeds and seed weight. 
Number of nodes : branches and branch length were recorded for 
the 10 plants. All other yield component data were calculated 
from these measurements. 
Plant height was measured from ground level to the tip of 
the stem. Number of nodes on the main stem includes the 
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Table 2. Soybean characters studied, units, and terminology 
used throughout the dissertation 
Character and units Terminology 
Main stem data 
Lodging, 1 to 5 rating 
Plant height, cm 
Average intemode length, cm 
Seed weight, g 
Number of pods 
Number of seeds 
Number of nodes 
Pods per node, number 
Seeds per pod, number 
Seed size, g/100 seeds 
Lodging 
Height 
Intnd Inth 
Seed wt 
Pod no. 
Seed no. 
Node no. 
Pods/node 
Seeds/pod 
Seed size 
Branch data 
Average length, cm 
Number of branches per plant 
Number of nodes per plant 
Seed weight per plant, g 
Pods per plant, number 
Seeds per plant, number 
Number of nodes per branch 
Pods per node, number 
Seeds per pod, number 
Seed size, g/100 seeds 
riiole-plant data 
Seed yield, g/m" 
Seed weight, g 
Number of nodes 
Number of pods 
Number of seeds 
Pods per node, number 
Seeds per pod, number 
Seed size, g/100 seeds 
Length 
Branch no. 
Node no. 
Seed wt 
Pod no. 
Seed no. 
Nodes/br 
Pods/node 
Seeds/pod 
Seed size 
Yield 
Seed wt 
Node no. 
Pod no. 
Seed no. 
Pods/node 
Seeds/pod 
Seed/size 
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cotyledonary node. Average internode length on the main stem 
was calculated by dividing plant height by the number of nodes. 
Lodging was rated on a scale of 1 to 5 on a plot basis. 
Plots with all main stems vertical received a rating of 1. 
Plots with all main stems horizontal would have received a 
rating of 5* Where the main stems averaged ^ 5 degrees from 
the horizontal, the rating was 3» 
Results, on a single-plant basis, are presented for the 
main stem, branches and the whole-plant• All the characters 
presented for the whole-plant are the result of combining stem 
data and branch data. 
Additionally, seed yield is also presented in grams per 
square meter, simply to have this data on a more familiar 
basxs m 
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RESULTS 
Analyses of variance with mean squares for 1973 and 1974 
are presented in the Appendix (Tables 20 through 22). Means 
for the characters recorded are shown in the text as necessary. 
Because there were statistically significant interactions in­
volving year, the data for each year were analyzed and will 
be presented separately. Throughout the dissertation #, *, 
and ** will be used to denote statistical significance at the 
.10, .05I and .01 probability levels, respectively. 
Three-Management Experiment 
Managements 
Treatment means for 1973 and 197^  are shown in Tables 
3 and 4. 
Managements were the main plots of the split-plot design 
used, and therefore, differences were detected with less sen­
sitivity- However; marked differences were expected anyway-
at least as far as seed yield is concerned. As mentioned in 
the Materials and Methods section Mgt-1, Mgt-2 and Mgt-3 stand 
for wide rows, narrow rows, and narrow rows plus irrigation 
and netting to prevent lodging, respectively. 
Plant height increased from Mgt-1 through Mgt-3 both 
years. Number of nodes on the main stem followed a similar 
trend in 1973, but in 197^  Mgt-3 did not produce more nodes 
than Mgt-2, though both produced about two more than Mgt-1. 
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Table 3. Means of characters in three managements—1973 
Characters Mgt-1 Mgt—2 Mgt-3 Sig. 
Stem data 
Lodging 2.2 1.5 1.5 
Height, cm 106.6 113.0 124.7 * 
Intnd Inth, cm 6.0 6.0 6.4 
Seed wt, g 14.4 14.0 14.5 
Pod no. 31.1 31.2 31.5 
Seed no. 66.8 66.9 68.1 
Node no. 17.7 18.9 19.5 « 
Pods/node 1.9 1.7 1.6 * 
Seeds/pod 2.0 2.1 2.2 ** 
Seed size, g/lOO 21.5 21.0 21.3 
Branch data 
Length, cm 15.3 25.2 28.6 * 
Branch no. 0.7 0.6 0,5 
Node no. 1.8 1.7 1.3 
Seed wt, g 1.1 0.9 0.6 ** 
Pod no. 2.5 2.1 1.3 * 
Seed no. 5.1 4.3 2.7 * 
Nodes/br 2.5 
*) jj 2.8 2.4 rouB/ xiuue X • -r 1.3 1.0 * 
Seeds/pod 2.0 2.0 2.1 
Seed size, g/100 21.8 21.5 20,5 
Whole-plant data 
Yield, g/m^  602. 5 580.1 585.6 
Seed weight, g 15.5 14.9 15.0 
Node no. 19.4 20.5 21.7 * 
Pod no. 35.6 33.4 32.8 
Seed no. 72.0 71.2 70.8 
Pods/node 1.8 1.6 1.5 
Seeds/pod 2.0 2.1 2.1 # 
Seed size, g/100 21.6 21.0 21.3 
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Table 4. Means of characters in three managements—1974 
Characters Mgt-1 Mgt-2 Mgt-3 Sig. 
Stem data 
Lodging 
Height, cm 
Intnd Inth, cm 
Seed wt, g 
Pod no. 
Seed no. 
Node no. 
Pods/node 
Seeds/pod 
Seed size, g/100 
2.4 
91.8 
5.7 
13.1 
28.4 
65.8 
16.2 
1.8 
2.3 
19.9 
1.6 
100.0 
5.4 
13.1 
28.6 
68.4 
18.4 
1.6 
2.4 
19.1 
1.3 
112.3 
6.1 
12.7 
28.3 
66.7 
18.5 
l-J 
19.0 
** 
** 
** 
*« 
*» 
# 
Branch data 
Length, Cm 
Branch no. 
Node no. 
Seed wt, g 
Pod no. 
Seed no. 
Node^ br 
Pods/node 
Seeds/pod 
Seed size, g/100 
20.4 
0.6 
1.9 
1.0 
2.3 
5.3 
3.3 
1.2 
2.3 
19.4 
34.7 
0.8 
3.8 
1.2 
Ë 
0.8 
2.2 
17.4 
ILIL 1 
0*.4 
2.0 
0.8 
2.0 
Ï:? 
1.0 
2.2 
17.0 
« 
** 
«•# 
* 
# 
** 
Whole-plant data 
Yield, fit 0 ^  553 = 2 #^ 00 0 4^^  £J Q jj. jr 
tr Seed weight, g 14.1 14.3 13.5 ^
Node no. 18.0 22.1 20.5 
Pod no. 30.7 31.7 30.3 
Seed no. 7I.I 75.2 71.2 
?o às/no de 1.7 1.4 1«5 
Seeds/pod 2.3 2.4 2.3 
Seed size, g^ /lOO 19 = 9 19,5 18,9 
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Intemode length was not different among managements in 1973. 
indicating that the increased plant height with increasing 
intensity of management was a consequence of more nodes. In 
1974, however, the taller plants of Mgt-3 compared to Mgt-2 
were the result of significantly longer internodes. The 
generally taller plants of 1973 were due, about equally, to 
more nodes and longer internodes. This may be related to 
earlier planting in 1973* 
Mgt-1 had a higher lodging rate than Mgt-2 and Mgt-3 in 
both years, though this was not statistically different in 
1973= Mgt-1 had no netting and, furthermore, it had more 
plants per meter of row, since the population used for all 
managements was the same. Because it received netting, Mgt-3 
had about the game lodging as Mgt-2 despite having taller 
plants. 
Pods per node on the main stem decreased from Mgt-1 to 
Mgt-3 both years, but the increase in number of nodes both 
years and seeds per pod in 1973 resulted in number of pods, 
seeds, and seed weight per main stem being the same for each 
treatment. 
Seed size on the main stem in 1974 was slightly larger in 
Mgt=l but was not different for managements in 1973-
Thus, although stem data showed variation for several 
characters related to yield, the stem seed yield itself was 
not different among treatments. 
Number of pods, seeds, and total seed weight produced on 
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branches decreased in the order Mgt-1 to Mgt-3 in 1973* These 
same components were highest in Mgt-2 in 1974 followed by 
Mgt-1 and Mgt-3, in that order, although seed weight differ­
ences were not statistically significant. 
Number of nodes on branches and number of branches, 
though not statistically different in 1973, showed the same 
trends as the aforementioned characters both years. Number 
of nodes on branches is the result of number of branches and 
nodes per branch, smd seems to be more dependent on the former. 
Mgt-2 and Mgt-3 had longer branches than Mgt-1 both years, 
probably because plants in wide rows were much more crowded. 
Only in 1974 did Mgt-2 and Mgt-3 have more nodes per branch. 
The major factor associated with differences in branch 
productivity was number of pods on branches which is the con­
sequence of branch number. 
When the data are combined on a whole-plant basis, the 
only three characters showing significant variation in 1973 
were number of nodes, pods per node, and seeds per pod. Pods 
per node decreased from Mgt-1 to Mgt-3s but the increase in 
number of nodes and seeds per pod compensated such that num­
ber of pods, seeds, and seed weight per plant did not differ 
significantly among managements. 
In 1974, the whole-plant data showed number of nodes, 
pods per node, number of seeds, and seed weight significantly 
different. 
So, in 1974, a small difference (P .10) was detected for 
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total seed yield among managements, Mgt-3 yielding less than 
Mgt-1 and Mgt-2. Mgt-2 and Mgt-1 yielded about the same but 
this yield was made in a different way. Mgt-2 produced more 
nodes but with fewer pods per node. Now, Mgt-3 yielded less 
than the other two managements despite having more nodes 
than Mgt-1. It produced only the same number of pods as Mgt-1 
because it had fewer pods per node than Mgt-1; on the other hand, 
it yielded less than Mgt-2 because it produced fewer nodes. I 
conclude that it produced fewer nodes almost certainly because 
of less branching than Mgt-2. Also, Mgt-3 yielded less than 
Mgt-1; though they had the same number of pods or seeds, 
because it had smaller seed size. 
Lines 
Lines were chosen to represent a broad range of germplasm, 
and some were known to differ for the components of yield. So, 
they were expected to make their yields in different ways, and 
the chief reason for using a range of genetic material was to 
examine how these lines would interact with the managements. 
As supposed, the lines showed statistically significant 
differences for most characters studied and most of these were 
significant at the 1% level both years (Tables 5 and 6). Total 
plant seed weight was the only character not found different 
both years. Stem seed weight and pods per node on branches 
did not differ in 1973 and seed size on branches in 197^ . 
The variety Hark which was the lowest seed weight producer 
Table 5» Mean:: of characters in six lines—1973 
Characters Hark Rampage tIar-Dtg 
Stem data 
Lodging 2.2 0.8 1.8 
Height, cm 120.3 104.9 108.8 
Intnd Inth 6.0 5.6 6.0 
Seed wt, g 13.9 14.0 15.6 
Pod no. 35.6 30.3 36.4 
Seed no. 74.5 70.4 74.1 
Node no. 20.2 18.6 18.1 
Pods/node 1.8 1.6 2.0 
Seeds/pod 2.1 2.3 2.0 
Seed size, g/lOO 18.7 19.9 21.1 
Branch data 
Length, cm 31.8 27.6 19.0 
Branch no. 1.0 0.3 0.3 
Node no. 3.3 1.1 0.6 
Seed wt:, g 1.3 0.5 0.4 
Pod no. 3.5 1.3 0.9 
Seed no. 7.1 2.7 1.8 
Nodes/br 3.3 3.3 2.1 
Pods/node 1.0 1.2 1.5 
Seeds/pod 2.0 2.1 2.0 
Seed size, g/100 18.6 17.2 20.7 
Har-ln Har-63 Magna Sig. 
2.5 2.2 1.0 «« 
.21.2 120.5 111.9 ** 
6.4 6.4 6.3 ** 
13.9 14.2 14. 2 
31.4 32.2 25.9 
73.8 66.5 44.7 
18.9 18.7 17.6 
1.7 1.7 1.5 ** 
2.4 2.1 1.7 
18.8 21.3 31.7 ** 
18.6 15.7 23.7 * 
0.5 0.6 1.0 ** 
1.3 1.2 2.3 ** 
0.8 0.8 1.6 ** 
1.8 1.6 3.0 •»* 
4.2 3.7 5.1 •** 
2.6 1.9 2.5 «• 
1.3 1.4 1.3 
2.4 2.2 1.7 ** 
18.1 20.9 30.1 ««• 
Table 5» (Continued) 
Characters Hark Rampage Har-Dtg Har-ln Har-63 Magna Sig 
Whole-plant datei 
Yield, g/m^  59106 561.2 621.0 568.0 579.8 612.2 
Seed weight, g 15.2 14.5 16.0 14.6 14.9 15.8 
Node no. 23» 5 ;L9.6 18.7 20.1 19.9 19.9 
Pod no. 39»1 31.6 37.3 33.1 33.8 28.9 ** 
Seed no. 810 6 73.4 75.6 78.1 70.2 49.8 *•* 
Po ds/no de 1.7 1.6 2.0 1.6 1.7 1.4 « 
Seeds/pod 2.1 2.3 2.0 2.4 2.1 1.7 ** 
Seed size, ig/100 18.7 19.8 21.1 18.8 21.3 31.7 
Table 6. Means of characters in six lines—1974 
Characters Hai'k Rajnpage Har-Dt2 Har-ln Har-63 Magna Sig, 
Stem data 
Lodging 1.7 1.6 1.8 1.9 1.8 1.6 # 
Height, cm 101.2 94.2 94.0 109.6 107.4 101.8 ** 
Intnd Inth, cm 5.4 5.3 5.5 6.0 6.0 6.1 ** 
Seed wt, g 11.0 13.3 14.7 12.3 13.0 13.4 ** 
Pod no. 28,9 29.5 32.7 25.7 27.4 26.2 ** 
Seed no. 65 <^ 9 76.2 77.0 68.1 66.8 47.7 ** 
Node no. 18.6 17 06 17.1 18.2 17.8 17.7 *« 
Pods/node 1.6 1.7 1.9 1.4 1.5 1.6 ** 
Seeds/pod 2.3 2.6 2.4 2.6 2.4 1.8 ** 
Seed size, g/100 16,8 17.4 19.1 18.2 19.5 28.0 #* 
Table 6. (Continued) 
Characters Hark Raioipage 
Branch data 
Length, cm 5^ »3 38.3 
Branch no. 1.1 0.4 
Node no. 6„7 1.8 
Seed wt, g 2.2 0.6 
Po d no. 6 o 2 1.6 
Seed no. 13»^  3»^  
Nodes/br 5» 9 4.9 
Pods/node 9 0.9 
Seeds/pod 2.2 2.2 
Seed size, ,^ 100 16«7 16.2 
Whole-Plant data 
Yield, g/m2 515-5 536.4 
Seed weight, g 13.3 13.8 
Node no. 25.3 19.4 
Pod no. 35.1 31.1 
Seed no. 79.3 79.6 
Pods/node 1.4 1.6 
Seeds/pod 2.3 2.6 
Seed size, g/100 16.8 17.4 
Har-Dtg Hàr-ln Har-63 Magna Sig. 
23.2 19.6 23.3 35.3 
0.4 0.7 0.8 0.2 ** 
1.1 2.2 2.5 1.0 ** 
0.4 1.1 1.3 0.5 ** 
1.0 2.3 2.7 1.1 # *  
2.2 5.8 6.5 7.0 ** 
3.2 3.1 3.0 5.1 «« 
0.9 1.0 1.1 1.0 * 
2.1 2.5 2.4 1.8 ** 
17.6 18.2 19.1 25.9 
587.1 519.5 553.3 538.1 
15.1 13.4 14.3 13.9 
18.2 20.4 20.3 18.8 
33.7 27.9 30.2 27.3 ** 
79.3 73.9 73.3 49.7 ** 
1.9 1.4 1.5 1.5 «« 
2.4 2.6 2.4 1.8 ** 
19.1 19.2 19.4 27.9 ** 
3^ 
on the main stem was one of the highest seed weight producers 
on branches. On the other hand, Har-Dt2 which was the highest 
seed weight producer on the main stem was the lowest on 
branches. Hark had a high number of branches both years, but 
even on it, branches contributed just a small percentage (about 
10%) of its total yield. This differential production seems 
to be related most to fewer pods per node and smaller seed 
size on the main stem and more nodes, especially on branches, 
for Hark relative to Har-Dtg. In all lines, there was an 
overall tendency to have fewer pods per node on branches. 
Differential whole-plant production among all varieties 
was related to differences in all the primary components— 
nodes, pods per node, seeds per pod and seed size. Magna 
produced fewer pods and seeds totally and also had fewer pods 
per node and seeds per pod, but a much larger seed size. Being 
a "large-seeded" type it showed greatest contrasts with the 
other lines. Har-ln was expected to have a higher average 
seeds per pod, because of the relationship of the lanceolate 
leaflet shape with a tendency to produce 4-seeded pods. Hov,'= 
ever, average seed number was not substantially greater than 
any line, excepting perhaps Magna, the large-seeded type, and 
was net different from Ranipage a "normal" type. 
All this leads to the conclusion that there are strong 
compensating effects within lines which resulted in their 
yielding the same. 
The regression analysis, discussed later, shows the 
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relative importance of the several primary components for 
each line. 
Management x lines 
The means for 1973 and 1974 are presented in Tables 7 and 
8. Generally, there were few interactions in 1973 but a 
fairly substantial number in 1974. 
Plant height increased within each line from Mgt-1 through 
Mgt-3 both years, but in different degrees in different lines. 
Harosoy-Dt2 showed the lowest increase, probably because of 
its determinate growth habit= Harosoy-63 and Harosoy-ln 
showed a greater than average increase. 
Number of nodes on the main stem also increased v/ith the 
intensity of management in each line, although it was not 
statistically different in 1973* In Har-Dtg, however, Mgt-2 
and Mgt-3 were about the same and in consequence the better 
control of this line over plant growth seems to be effected 
through number of nodes in contrast to internode elongation. 
Number of pods and seeds on branches showed significant 
interactions in 1974. Within each line any change that manage­
ments oaused in number of pods usually was paralleled by a 
changé iri the same direction in number of sssds. But in a few 
cases, the change in number of pods was relatively different 
from the change in the number of seeds, because of differences 
in the number of seeds per pod on branches. 
On a whole-plant basis the only significant interactions 
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Table ?. Means of characters of three managements in six 
lines—1973 
Hark Rampage 
Characters Mgt-1 Mgt-2 Mgt-3 Mgt-1 Mgt-2 Mgt-3 
Stem data 
Lodging 2.7 1.5 2.6 1.3 0.7 0.4 
Height, cm 110.8 113.5 136.6 97.1 102.3 115.4 
Intnd inth, cm 5.9 5.6 6.3 5.5 5.5 6.0 
Seed wt, g 14.3 13.4 14.1 14.0 14.4 13.7 
Pod no. 36.1 35.0 35.6 30.9 30.8 29.1 
Seed no. 74.3 71.6 77.6 67.3 73.2 70.6 
Node no. 18.7 20.1 21.6 17.8 18.7 19.2 
Pods/node 1.9 1.7 1.6 1.7 1.6 1.5 
Seeds/pod 2.1 2.0 2.2 2.2 2.4 2.4 
Seed size, g/lOQ 19.2 18.7 18.2 20.7 19.7 19.3 
Branch data 
Length, cm 16.3 40.5 42.0 20.8 28.9 37.1 
Branch no. 1.0 1.2 0.9 0.5 0.3 0.2 
Node no. 2.2 4,4 3.5 2.8 3.0 4.1 
Seed wt, g 1.1 1.8 1.1 0.7 0.4 0.3 
Pod no. 3.0 4.9 2.6 2.0 1.1 0.8 
Seed no. 5.8 10.1 5.4 4.0 2.1 1.8 
Nodes/br 2.2 4.4 3.5 2.8 3.0 4.1 
Pods/node 1.4 1.0 0.9 1.5 1.3 1.0 
Seeds/pod 1.9 2.1 2.1 2.1 2.0 2.2 
Seed size, ^ 100 19.2 17.6 20.0 17.0 18.9 15.2 
Whole-plant data 
Yield, g/m^  596.2 588,7 589.8 586.3 574,1 541.1 
Seed weight, g 15.4 15.2 15.2 14.7 14.8 14.0 
Node no» 20,9 25» 2 24.7 19 • ^  19.5 19.9 
Pod no. 39.1 39.9 38.2 32.9 31.9 29.9 
Seed no. 80.1 81.7 83.0 71.4 75.3 72.5 
Pods/node 1.8 1.6 1.5 1.7 1.6 1.5 
Seeds/pod 2.0 2.0 2.2 2.2 2.4 2.4 
Seed size, g/100 19.2 18.6 18.3 20,5 19. D 19.2 
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Table 7» (Continued) 
Characters 
Har-Dtg Har-ln 
Mgt-1 Mgt-2 Mgt-3 Mgt-1 Mgt-2 Mgt-3 
Stem data 
Lodging 1.5 1.4 3.5 2.5 1.1 
Height, cm 103.6 109.6 113.4 113.2 123.3 130.3 
Intnd Inth, cm 6.0 5.8 6.2 6.4 6.4 6.6 
Seed wt, g 15.4 15.3 16.1 13.6 14.0 14.2 
Pod no. 37.5 35.6 36.3 33.0 30.8 29.9 
Seed no. 72.9 74.6 74.8 74.1 74.4 72.7 
Node no. 17.3 18.9 18.2 17.8 19.2 19.8 
Pods/node 2.2 1.9 2.0 1.8 1.6 1.5 
Seeds/pod 1.9 2.1 2.1 2.3 2.4 2.4 
Seed size, g/lOO 21,1 20.5 21,6 18.3 18.8 19.5 
Branch data 
Length, cm 9. 0 27. 0 21. 1 10. 0 18. 0 32.2 
Branch no. 0. 4 0. 2 0. 3 0. 5 0. 4 0.7 
Node no. 0. 7 0. 7 0. 4 1. 5 0. 7 2.1 
Seed wt, g 0. 5 0. 3 0. 3 0. 9 0. 4 1.1 
Pod no. 1. 3 0. 8 0. 7 2. 4 0. 9 2.2 
Seed no. 2. 5 1. 5 1. 5 5. 3 2. 3 5.4 
Node^ br 1. 9 3. 0 1. 5 2. 9 2. 0 3.2 
Pods/node 1. 8 1. 1 1. 9 1. 5 1. 3 1.0 
Seeds/pod 2. 0 2. 1 2. 1 2. 3 2. 5 2.5 
Seed size, g/100 21. 1 18. 8 21. 8 17. 1 18. 1 19.6 
Whole-Dlant data 
Yield, g^ m^  619. 0 605. 6 Ô3B. 5 562. 2 557. 7 592.2 
Seed weight, g 16. 0 15. 6 16. 5 14. 5 14. 4 15.3 
Node no. 18. 0 19. 5 18. 5 19. 4 19. 9 22.0 
Pod no. 38. 7 36. 4 37. 0 35. 4 31. 7 32.0 
Seed no. 75. 4 76. 1 76. 3 79. 5 76. 6 78.1 
Pods/node 2. 2 1. 9 2. 0 1. 8 1. 6 1.9 
Seeds/pod 1. 9 2. 1 2. 1 2. 3 2. 4 2.4 
Seed si 2.6; ff/100 21. 1 20, 4 21. 5 18. 2 18. 8 19.5 
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Table ?. (Continued) 
Har-63 Magna 
Characters Mgt-1 Mgt-2 Mgt-3 Mgt-1 Mgt-2 Mgt-3 Sig. 
Stem data 
Lodging 
Height, cm 
Intnd Inth, 
Seed wt, g 
Pod no. 
Seed no. 
Node no. 
Pods/node 
Seeds/pod 
Seed size, 
g/100 
cm 
2.6 1.7 2.5 0.9 1.1 1.0 
109.6 119.7 138.1 105.5 109.4 120.9 
6.4 6.4 6.7 6.2 6.2 6.7 
13.5 13.9 15.6 15.7 13.2 13.7 
31.4 30.9 35.3 29.7 24.3 23.7 
61.4 66.2 74.8 51.0 41.4 41.7 
17.4 18.7 20.7 17.1 17.6 18.2 
1.8 1.7 1.7 1.7 1.4 1.3 
2.0 2.1 2.1 1.7 1.7 1.8 
22.0 21.0 20.8 30.8 31.8 32.8 
Branch data 
Length, cm 
Branch no. 
Node no. 
Seed wt, g 
Pod no. 
Seed no. 
Node^ br 
Pods/node 
Seeds/pod 
Seed size, 
g/'iôû 
14.9 13.6 20.1 20.7 25.8 24.7 
0.7 0.7 0.5 1.2 0.9 0.7 
1.7 1.2 0.5 3.3 2.6 1.4 
1.1 0.8 0.2 2.4 1.8 0.5 
2.3 1.8 0.5 4.4 3.5 1.0 
5.1 3.9 1.2 8.1 5.6 1.5 
2.6 1.8 1.0 2.8 2.8 1.9 * 
1.3 1=5 0.9 1.3 1.4 0.7 
2.7 2.2 2.7 1.9 1.6 1.5 # 
21.6 20.2 18.9 29.8 32.0 33.6 
Whole-plant data 
Yield, 
Seed weight, g 
Node no. 
Pod no. 
Seed no. 
Pods node 
Seeds/nod 
Seed SIzs, 
g/100 
566,1 
1^ ,6 
19.1 
33.8 
66.5 
1.8 
2 . 0  
21.9 
570.8 
14.7 
19.9 
32.6 
70.1 
1.6 
2.1 
0 1  A  
614.0 
15' 8 
21.2 
33.7 
?ôoO 
1.7 
2.1 
9n. ft 
703.4 583.6 549.7 
18 01 
20 
34 
59 
1 
1 
.4 
1 
1 
7 
7 
9 
15» y 
.2 
.9 
20, 
iU 
1.4 
i.V 
n .Q 
14.2 
19.6 
24.7 
4) .2 
i.3 
1.8 
32.8 
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Table 8. Means of characters of three managements in six 
lines in 197^ 
Characters 
Hark 
Mgt-1 Mgt-2 Mgt-3 
Rampage 
Mgt-1 Mgt-2 Mgt-3 
Stem data 
Lodging 2.1 1.5 1.3 2.1 1.4 1.3 
Height, cm 93.8 97.9 112.0 86.5 91.6 104.4 
Intnd Inth, cm 5.5 5.0 5.7 5.2 5.1 5.7 
Seed wt, g 12.2 10.6 10.3 13.9 13.2 12.7 
Pod no. 30.1 28.3 28.2 29.5 30.0 29.1 
Seed no. 69.1 65.4 63.0 75.5 77.2 75.9 
Node no. 17.0 19.5 19.5 16.5 17.9 18.3 
Pods/node 1.8 1.5 1.4 1.8 1.7 1.6 
Seeds/pod 2.3 2.3 2.2 2.6 2.6 2.6 
Seed size, g/100 17. 0  16.3 16.4 18.4 17.1 16.7 
Branch data 
Length, cm 31.5 53.7 77.7 22.3 34.6 
Branch no. 1.0 1.4 1.0 0.3 0.9 
Node no. 4.1 8.4 7.6 1.0 2.4 
Seed wt, g 1.5 2.5 2.7 0.5 0.8 
Pod no. 4.1 7.2 7.3 1.2 2.2 
Seed no. 8.7 15.4 16.1 2.8 4.9 
Node^br 4.1 
< 
6.0 7.6 3*.7 4.8 
Pods/node 1.0 0.9 1.0 1.3 0.9 
Seeds/pod 2.1 2.1 2.2 2.3 2.3 
Seed size, g/100 17.2 16.5 16.6 17.5 15.4 
V/hole°plant data 
Yields 531 «>2 
Seed weight, g I3.7 
Node no» 21.1 
Pod no. 3^.2 
Seed no. 77.8 
Pods/node 1.6 
Seeds/pod 2.3 
Seed size, g/100 l/.o 
511,1 
13.2 
27.9 
35.5 
80.8 
1*3 
il:2 
504,1 
13.0 
27.1 
35.5 
79.1 
1'3 
2.2 
16.4 
556.9 
14.4 
17.5 
20.7 
78.3 
1.8 
,2.5 
I0.3 
543.3 
14.0 
20.3 
32.2 
82.1 
1.6 
2.5 
17.1 
52.6 
0.4 
2.1 
0.4 
1.3 
2.5 
5.8 
0 . 6  
1.9 
16.7 
509.1 
13.1 
20.4 
30.4 
78.4 
I'.i 
^ / M XO./ 
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Table 8. (Continued) 
Characters 
Har-Dtg Har-ln 
Mgt-1 Mgt-2 Mgt-3 Mgt-1 Mgt-2 Mgt-3 
Stem data 
Lodging 2.9 1.4 1.2 2.7 1.7 1.3 
Height, cm 87.8 91.3 102.9 96.3 110.1 122.3 
Intnd inth, cm 5.4 5.2 5.9 6.0 5.7 6.3 
Seed wt, g 15.5 14.7 14.0 10.9 13.5 12.6 
Pod no. 33.4 33.0 31.7 22.9 27.1 27.1 
Seed no. 78.2 78.4 74.5 59.0 75.1 70.2 
Node no. 16,2 17.6 17.5 16.0 19.3 19.3 
Pods/node 2.1 1.9 1.8 1.4 1.4 1.4 
Seeds/pod 2.3 2.4 2.4 2.6 2.8 2.6 
Seed size, g/lOO 19.7 18.8 18,9 18.5 18,0 17.9 
Branch data 
Length, cm 14.5 24.8 35.7 10.9 20.2 27.8 
Branch no. 0.3 0.7 0.1 0.7 1.0 0.5 
Node no. 0.9 2.1 0.4 1.6 3.5 1.6 
Seed wt, g 0.5 0.6 0.1 1.1 1.5 0.6 
Pod no. 1.3 1.6 0.2 2.2 3.3 1.3 
Seed no. 2 = 9 3,2 0.5 6.0 8.0 3.4 
Node^ br 2.9 3.2 3.7 2.5 3.5 3.2 
Pods/node 1.5 0.7 0.6 1.4 0.9 0.8 
Seeds/pod 2.2 2.1 2.3 2.7 2.5 2.5 
Seed size, g/100 18.3 17.5 13.2 18.2 18.2 18.5 
Whole-plant data ' 
Yield, g/m^  620.3 593.0 548.0 466.7 579.2 512.8 
Seed weight, g 16.0 15.3 14.1 12.0 14.9 13.2 
Node no » 17,1 19.7 17.8 17.6 22.9 20.9 
Pod no. 34.7 34.5 31.9 25.1 30.4 28.4 
Seed no. 81,1 81.6 75.0 65.0 83.1 73.5 
Po us/ no ds 2.0 1.8 1,8 1=4 1,3 1.4 
Seeds/pod 2.3 2.4 2.4 2.6 2.7 2.6 
Seed size, g/100 19.7 1 ft 0 18.8 18=5 20:7 18,0 
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Table 8. (Continued) 
Characters 
Har-63 Magna 
Mgt-1 Mgt-2 Mgt-3 Mgt-1 Mgt-2 Mgt-3 Sig. 
Stem data 
Lodging 
Height, cm 
Intnd Inth, cm 
Seed wt, g 
Pod no. 
Seed no. 
Node no. 
Pods/node 
Seeds/pod 
Seed size, 
g/100 
Branch data 
Length, cm 
Branch no. 
Node no. 
Seed wt, g 
Pod no. 
Seed no. 
Node^ br 
Pods/node 
Seeds/pod 
Seed size, 
g/100 
Whole-plant data 
Yield, g/m^  
Seed weight; 
Node no. 
Pod no. 
Seed no. 
Pods/node 
Seeds/pod 
Seed size, 
g/100 
g 
2.4 1.7 1.2 2.1 1.6 1.3 * 
97.2 106.8 118.3 89.5 102.0 114.0 # 
6.1 5.7 6.3 5.8 5.9 6.5 
13.0 13.0 13.1 13.3 13.4 13.4 
27.8 26.7 27.7 26.3 26.3 26.1 
64.7 66.8 68.9 48.1 47.3 37.8 
15.9 18.6 18.9 15.4 17.2 17.6 ** 
1.7 1.4 1.5 1.7 1.5 1.5 
2.3 2.5 2.5 1.8 1.8 1.8 ** 
20.0 19.4 19.0 27.7 28.3 28.0 
12.9 29.9 27.1 28.8 44.9 26.0 # 
0.8 1.2 0.5 0.4 0.2 0.0 
2.1 3.9 1.6 1.6 1.1 0.1 * 
1.4 1.6 0.8 1.2 0.3 0.0 
2.8 3.6 1.8 2.4 0.8 0.1 ** 
6.8 8.5 4.3 4.5 1.3 0.1 * 
2.6 3.2 3.1 4.0 7.0 3.0 ** 
1.4 0.9 1.1 1.5 0,7 0.7 
2.4 2.4 2.4 1.9 1.6 1.7 * 
20.1 18.6 18.5 26.0 25.4 20.0 
555.8 564.8 539.2 562.3 562.3 520.1 * 
14.3 14.6 13.9 14.5 13.7 13.4 * 
18.0 22.5 20.5 17.0 18.3 17.7 ** 
30.7 30.3 29.5 28.7 27.1 26.2 
71=5 75.3 73.2 52.7 48 = 6 47.9 # 
1.7 1.3 1.4 1.7 1.5 1.5 
2.3 2.5 2.5 1.8 1.8 1.8 * 
20.0 19 • 3 19 • 0 27.5 28.2 28.0 
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were detected in 1974. Particularly interesting was the inter­
action for seed weight. Within most lines Mgt-3 usually 
yielded the least. In Har-ln, however, Mgt-1 yielded less, 
probably because of it having less nodes than the other two 
managements and consequently fewer podding sites. In Hark, 
Mgt-2 and Mgt-3 yielded about the same and also had about the 
same number of nodes which was higher than in Mgt-1, but they 
had smaller seed size and fewer pods per node resulting in 
less yield than in Mgt-1. Number of seeds within all lines 
would be associated much more with number of pods than with 
seeds per pod. Number of nodes, pods per node and seed size 
would account for most of the variation in yield. 
Regression analyses 
In order to assess which characters influenced seed yield 
the most, a regression analysis was processed. The model 
Ghossn v.'as a mechanistic one including all the primary yield 
components which collectively describe plant yield. Variation 
in seed yield was partitioned among number of nodes, pods per 
node, seeds per pod and seed size on the main stem, and number 
of branches, nodes per branch, pods per node, seeds per pod 
and seed size on branches. 
The data were analyzed within each line to determine how 
these lines responded to the managements supposed to give 
variation in yield. 
Unfortunately, seed yields were not statistically 
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different for managements, lines or management x line inter­
actions in 1973. In 1974, they were just significant at the 
10% level for managements and management x line interactions. 
So, the results of the regression have limited meaning in 
terms of the amount of variation usually encountered. Never­
theless, I report them. 
The results were somewhat different for 1973 and 197^  
(Tables 9 and 10). In 1973; most of the components accounting 
for variation in yield were main stem components. Pods per 
node and number of nodes together would explain at least 85% 
of that variation, except for Har-ln that in both years had 
seed size on branches as an important component. In 1974, the 
effects were spread much more. Whereas pods per node on the 
main stem was the most important variable for all six lines in 
1973» it was important in only three in 1974. Seed size was 
more important in 1974 than in 1973» Branch components shared 
a much larger part in accounting for the total plant seed 
weight in 1974. I speculate that his is due to the poorer 
conditions for growth overall that prevailed in 1974 and this 
made the contribution of branches more significant. 
Pods per node on the main stem appeared as the first most 
important single yield component in 9 out of 12 oases over 
both years. Number of nodes on the main stem was deemed the 
second most important component in 5 out of 12 cases. No other 
component appeared as consistent. 
When the data were combined over all varieties, within 
Table 9. R^ -valuos for the regression of seed yield (g/plant) on yield components 
in three majiagements—1973^  
Stem components Branch components 
Lines 
Node 
no. 
Pods/ 
node 
Seeds/ 
pod 
Seed 
size 
Branch 
no. 
Nodes/ 
br 
Pods/ 
node 
Seeds/ 
pod 
Seed 
size 
Hark .95(2) .61(1) 
Rampage .85(2) <, 66(1) .94(3) 
Har-nr2 .90(2) .52(1) 
Har-ln .98(3) .46(1) .90(2) 
Har-63 .93(2) .63(1) 
Magna .85(1) .91(2) 
Combined 
data • 7.1(3) .39(1) .90(5) .80(4) .95(6) .56(2) 
A^ll variables included were deemed significant at the 10% level. Numbers in 
parentheses represent the impoirtance (order the component was deemed significant) of 
the component's contribution to yield variance. The -values include the compo­
nents deemed sl^ grificant before the one in parentheses. 
Table 10. R^ -values for the regression of seed yield (g/plant) on yield components 
in three raanagemen"ts-"l97^ ®' 
Lines 
Stem components 
Node Pods/ Seed» Seed 
no. node pod size 
Hark 
Rampage 
Har-DTg 
Har-ln 
Har-63 
Magna 
Combined 
data 
.901:2) 
.51(1) 
.76(1) 
.52(1) 
.57(2) .49(1) 
. 68 (2 )  
.94(3) 
.94(3) 
.73(2) 
.66(3) .59(2) .83(6) .78(5) 
Branch components 
Branch Nodes/ Pods/ Seeds/ Seed 
no. br node pod size 
. 86 (2 )  
23(1) 
89(7) .74(4) 
97(4) 
.47(2) 
.84(3) 
,82(1) 
•P-
. 30 (1 )  
See footnote to Table 9» 
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each year, seed size on branches showed up as a very important 
component, but this was probably related to it being so im­
portant for Har-ln. If this line were not included in the 
analysis, pods per node and number of nodes on the main stem 
would probably show up in first and second place, respectively. 
Considering that the only significant variation in yield 
occurred in 1974, it might seem that the relative importance 
of components in that year, as reflected in Table 10, would be 
closer to that normally experienced. These managements usually 
would give yield differences, but didn't in 1973» However, in 
1974 the components accounted for substantial yield variance 
in only three of the six lines. In Hark, Rampage, and Harosoy-
63 these components accounted for only 57» 68, and 4?^  of the 
yield variance, indicating a large amount of environmental 
variance in those lines in 197^ . 
The results were finally pooled over both years within 
each line and an overall regression was run to examine the 
relative importance of yield components over environments and 
managements (Table 11), Within all lines pods per node and 
number of nodes on the main stem still came out to be the two 
most important primary components accounting for variation in 
total plant seed yield. The only two exceptions were Har-ln 
and Magna where seed size on branches and number of branches, 
respectively, were first. All lines still depended more on 
main stem components than on branch components. The variables 
included in the table within any line accounted well for the 
Table 11. R^ -va.lues for the regression of seed yield (g/plant) on yield components 
in three managements—1973 and 197^  ^
Stem components Branch components 
Lines 
No de 
no. 
Pods/ 
node 
Seeds/ 
pod 
Seed 
size 
Branch 
no. 
Nodes/ 
br 
Pods/ 
node 
Seeds/ 
pod 
Seed 
size 
Kark .81(2) .49(1) .92(4) .96(5) .98(6) .89(3) 
Rampage .76(2) .53(1) .98(<^  .89(4) .84(3) 
Har-DTg .71(2) .60(1) .83(3) .94(4) 
Har-ln .89(3) .72(2) .94(4) .97(5) .47(1) 
Har-63 .73(2) .38(1) .84(3) .90(4) .98(5) 
Magna .89(3) .78(2) .96(5) .93(4) .43(1) 
Combined 
data .68(3) .32(1) .87(5) .76(4) .91(6) .65(2) 
*See footnote to Table 9. 
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variation in seed yield, explaining in all cases more than 
of that variation. 
When the data were combined over all six lines, three 
managements and both years, the overall picture was still the 
same. All main stem components were deemed significant and 
on branches just seed size and number of branches. Because 
seed size on branches was responsible for a large proportion 
of the variation in plant seed weight in Har-ln, in both years, 
it appeared in the overall analysis as the second most impor­
tant component, but discarding this line, pods per node and 
number of nodes on the main stem would probably be deemed the 
two most important primary components in explaining seed 
weight in the other five lines. 
Four-Management Experiment 
This experiment has data for just one year because the 
first year's materials were destroyed by wind. It shows data 
for the lines Har-Dt^  and Har-63 and how these lines, which 
are of determinate and indeterminate growth habit, behaved 
when exposed to four different managements. 
Management 
Seed size was the only character not significant for main 
stem data. All other characters, except seeds per pod (P .05), 
were significant at the Ifo level (Table 12). 
Plant height increased from Mgt-1 through Mgt-4, but 
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Table 12. Means of characters in four managements 
Characters Mgt-1 Mgt-2 Mgt-3 Mgt-4 Sig. 
Stem data 
Lodging 2.6 1.6 1.2 2.1 ** 
Height, cm 92.5 99.1 110.6 143.9 ** 
Intnd Inth, cm 5.6 5.5 6.1 7.3 ** 
Seed wt, g 14.2 13.8 13.6 21.9 ** 
Pod no. 30.6 29.8 29.7 43.5 ** 
Seed no. 71.5 72.6 71.7 107.9 ** 
Node no. 16.1 18.1 18.2 19.6 ** 
Pods/node 1.9 1.7 1.6 2.2 •ît* 
Seeds/pod 2.3 2.4 2.4 2.5 if 
Seed size, g/100 19.9 19.1 18.9 20.3 
Branch data 
Length, cm 13.5 27.3 29.3 28.1 
# Branch no. 0.6 0.9 0.3 0.3 
Node no. 1.2 3.0 0.7 0.5 * 
Seed wt, g 0.9 1.1 0.4 0.4 
Pod no. 2.1 2.6 1.0 1.1 
Seed no. 4.8 5.9 2.4 2.3 
Nodes/br 2.3 3.2 2.2 1.9 
rods/no de 1.7 0.9 1.5 2.2 
Seeds/pod 2.3 2.3 2.4 2.1 
Seed size, g/100 19.5 18.3 17.7 19.1 
Whole-plant data 
Yield, g/m^  588.1 578.9 543.6 866.4 if if 
Seed weight, g 15.2 14,9 14.0 22.3 ** 
Node no. 17.3 21.1 18.8 20.i 
Pod no. 32.7 32.4 30.7 44.6 it if 
Seed no. 76.3 78.5 74.1 110.1 ** 
Pods/node 1.9 1.5 1.6 2.2 
Seeds/pod 2.3 2.4 2.4 2.5 •K-
Seed si7.6, g/100 19.9 19.0 18.9 20.3 
Mgt-4 (COg-enrichment) was the one giving the greatest in­
crease. It increased plant height by 33«3 cm over Mgt-3. 
From Mgt-1 to Mgt-2 height and number of nodes were in­
creased relatively the same; average internode length did not 
change. Mgt-3 had taller plants than Mgt-2 but the same num­
ber of nodes, so internode length was related to this increase 
in height. Mgt-4 greatly stimulated growth over Mgt-3 and 
this growth was a consequence both of longer and more inter-
nodes, with the former making about three-fourths of the con­
tribution. 
Lodging was much higher in Mgt-1 than in the other manage­
ments. Mgt-4 had a poorer rating than Mgt-2 and Mgt-3 because 
of its much taller plants which, despite the two layers of 
netting used to prevent lodging, still showed some lodging 
above the netting. 
Mgt-1 through Mgt-3 did not show much difference as far 
as number of pods or seeds on the main stem are concerned be­
cause of compensating effects of pods per node and node number. 
Seeds per pod was about the same for Mgt-2 and Mgt-3» which was 
slightly higher than Mgt-1. Mgt-2 and Mgt-3 also had about the 
same main stem seed size and seed yield and this was lower than 
in Mgt-1. But for all main stem characters recorded, sxcspt 
lodging, Mgt-4 showed the highest ranking. This, of course, 
was reflected in a much higher stem seed yield in Mgt-4. 
Mgt-3 and Mgt-4 had lower number of branches than Mgt-1 
and Mgt-2 and, consequently, fewer nodes on branches. Al­
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though not statistically significant, they also had a lower 
number of pods and seeds on branches which was reflected in 
lower branch seed yields than Mgt-1 and Mgt-2. 
Pods per node on branches was statistically different at 
Vfo level. Mgt-4 was higher for this character than the other 
managements. 
As for whole-plant data, seed size was the only nonsig­
nificant character. Mgt-4 had much higher values than the 
other managements for many characters recorded, excepting 
number of nodes, seeds per pod and seed size. It can be seen 
that seed yield was particularly higher in Mgt-4, and when this 
is shown in a per square meter basis it comes to a remarkable 
866 grams—52^  greater than the mean of the other three 
managements. 
Lines 
The lines used in thi.s experiment were Har-Dt? and Har-63 
which are of determinate and indeterminate growth habits, 
respectively. Because of this they were expected to be dif­
ferent for many of the characters studied. 
Har-63 had about one and one-half more nodes and longer 
internodes on the main stem and, thus, was much taller than 
Har-Dtg (Table I3). 
Lodging was higher for Har-63, this probably being related 
to its taller stature. 
Number of pods, number of seeds and pods per node on the 
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Table I3. Means of characters in two lines for the Four-
Management Experiment 
Characters Har-Dtg liar-63 Sig. 
Stem data 
Lodging 1.7 2.1 * 
Height, cm 99.5 123.5 ** 
Intnd Inth, cm 5.8 6.5 ** 
Seed wt, g 16.5 15.3 
Pod no. 35.6 31.3 * 
Seed no. 85.0 76.9 # 
Node no, 17.2 18.6 ** 
Pods/node 2.1 1.7 ** 
Seeds/pod 2.4 2.5 * 
Seed size, g/100 19.4 19.9 
Branch data 
Length, cm 22.2 25.8 
Branch no. 0.4 0.7 * 
Node no. 0.7 1.8 ** 
Seed wt, g 0.4 1.0 ** 
Pod no. 1.1 2.2 # 
Seed no. 2.3 5.4 * 
Nodes/br 2.0 2.7 
Pods/node 1.6 1.2 
Seeds/pod 2.0 2.4 * 
Seed size, g/100 17.7 19.0 
Who le--plant data 
Yield, g/m^  654.9 633.6 
Seed weight, g 16.8 16.3 
Node no. 17.9 20.6 ** 
Pod no. 36.7 33.5 
Seed no. 87.2 82.3 
Pods/node 2.0 1.6 ** 
Seeds/pod 2.4 2.5 ** 
Seed size, g/100 19.3 19.8 
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main stem were significantly higher in Har-Dtg, though seeds 
per pod were fewer. Stem seed yield, although higher for 
Har-Dt g, was not significantly so, largely because the extra 
1.4 nodes and larger seed size of Har-63 compensated, in part, 
for the higher pod set on Har-Dt 2 • 
All branch characters detected to be statistically dif­
ferent were higher for Har-63. They were number of branches 
and, consequently, number of nodes on branches, on branches, 
number of pods, seeds per pod, number of seeds and seed yield. 
Number of nodes on the whole plant was greater for Har-63. 
Har-63 had more nodes on the main stem and also on branches. 
Number of pods and seeds per plant were lower for Har-63, 
though not significantly so. Number of pods was relatively 
lower than number of seeds because of a slightly higher number 
of seeds per pod in Har-63. On the other hand, pods per node 
was higher in Har-Dtg than in Har-63. But its fewer nodes by 
and large compensated, resulting in the two lines yielding 
about the same. 
Management x lines 
•Just a very few significant interactions were found in 
this experiment. Of the five significant interactions four-
were related to main stem characters and were significant at 
the ifo level (Table 14). All were essentially vegetative 
characters, and the significant interaetions seem to reflect 
the fact that Har-Dt2 not respond, vegetatively, to OO2-
Table 1^ . Means of characters for four managements in two 
lines 
Har-Dtg 
Characters Mgt-1 Mgt-2 Mgt-3 Mgt-4 
Stem data 
Lodging 2.9 1.4 1.2 1,1 
Height, cm 87.8 91.3 102.9 116.0 
Intnd Inth, cm 5.4 5.2 5.9 6.6 
Seed wt, g 15.5 14.7 14.0 21.7 
Pod no. 33.4 33.0 31.7 44.1 
Seed no. 78.2 78.4 74.5 108.7 
Node no. 16.2 17.6 17.5 17.6 
Pods/node 2.1 1.9 1.8 2.5 
Seeds/pod 2.3 2.4 2.4 2.5 
Seed sizes g/100 19.7 18.8 18.8 19.9 
Branch data 
Length, cm 14.5 24.8 35.6 19.3 
Branch no. 0.3 0.7 0.1 0.3 
Node no. 0,6 2.1 0.1 0.6 
Seed wt, g 0.5 0.6 0.1 0.5 
Pod no. 1 = 3 1 = 6 0.2 1.4 
Seed no. 2.9 3.2 0.5 2.4 
Nodes/br 1.9 3.2 1.2 1.9 
Pods/node 2.3 0.7 1.9 2.3 
Seeds/pod 2,2 2.1 2.3 1.7 
Seed size: g/lOO 18,3 17.5 13.2 18.9 
Whole-plant data 
Yield, g/m^  620.3 593.0 548.0 858.1 
Seed weight, g 16.0 15.3 14,1 22.1 
Node no. 16,8 19.7 17.6 18.2 
Pod no. 34.7 34.5 31.9 45.5 
Seed no. 81,1 81.6 75.0 111.1 
Pods/node 2.1 1.8 1.8 2.5 
Seeds/pod 2.3 2.4- 2.4 2.4 
Seed size, g/100 19.7 16.7 TO 0  J_U # V 19.9 
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Har-63 
Mgt-1 Mgt-2 Mgt-3 Mgt-4 Sig. 
2.4 1.7 1.2 3.0 ** 
*«• 
** 
** 
97.2 106.8 118.3 171.8 
6.1 5.7 6.3 8.0 
13.0 13.0 13.1 22.1 
27.8 26.7 27.7 42.8 
64.7 66.8 68.9 107.1 
16.9 18.6 18.9 21.6 
1.7 1.4 1.5 1.9 
2.3 2.5 2.5 2.5 
20.0 19.4 19.0 20.7 
19.2 29.9 27.1 37.0 
0.8 1.2 0.5 0.2 
2.1 3.9 1.6 0.4 
1.4 1.6 0.8 0.4 
2.8 3.6 1.8 0.8 
6.8 8.5 4.3 2.1 
2.6 3.2 3.1 1.9 
1.4 0.9 1.1 2.0 
2.4 2.4 2.4 2.7 
20.1 18.6 18.5 19.4 
555.8 564.8 539.2 874.7 
14.3 14.6 13.9 22.5 
18.0 22.5 20.5 22.0 
30.7 30.3 29.5 43.6 § 
71,5 75.3 73.2 109.1 
1.7 1.3 1.4 2.0 
2=3 2:5 2.5 2.5 
20.0 19.3 19.0 20=7 
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enrichment as strongly as Har-63. 
Plant height increased from Mgt-1 to Mgt-4, but the rate 
of increase was much steeper for Har-63. Mgt-4 caused a very 
marked increase in plant height in relation to the other man­
agements in Har-63. Probably because of its growth habit, the 
determinate isoline was less responsive in vegetative growth. 
Number of nodes on the main stem was about the same for 
Mgt-2, Mgt-3 and Mgt-4 in Har-Dt^  and higher than Mgt-1. In 
Har-63I an increase was observed from Mgt-1 to Mgt-4 with the 
latter being much higher than the first three. 
In both lines, intemode length was the lowest in Mgt-2 
and then followed the order Mgt-1, Mgt-3 and Mgt-4. There­
fore, Mgt-2 allowed a relatively greater increase in the num­
ber of nodes than in plant height. Mgt-4 produced noticeably 
longer intemode lengths than any of the other managements, 
particularly in Har-63. Intemode growth was stimulated more 
than node differentiation and plant height was increased sub­
stantially, resulting in significantly greater lodging in 
Har-630 The two layers of netting did help the plants to stay 
erect up to the second layer, but above that they lodged 
appreciably because of their viny structure. 
Lodging was higher in Mgt-1 than in the other 
managements for Har-Dtg and, as mentioned before, that 
was expected. But the low rating in Mgt-^  was due to 
the plants being supported by the layers of netting at 
different heights and, even though it had taller 
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plants with longer intemodes, they were held upright. For 
Har-63 the highest lodging rate was detected in Mgt-4, and 
that is attributed to the tremendous increase in plant 
height in relation to any other management. 
The other significant interaction detected was total 
number of nodes per plant. This number increased in the order 
Mgt-1, Mgt-3, Mgt-4 and Mgt-2 in both lines, but in different 
degrees. 
Regression 
These data are presented in Table I5. 
Since the two lines studied differed a lot as far as com­
ponents of yield are concerned and have different growth habits, 
it was of particular interest to see how they formed their 
yield when exposed to different managements. 
Pods per node on the main stem and pods per node on 
branches together accounted for 92^  of the variation in plant 
yield in Har-Dt2» pods per node on the main stem being judged 
substantially more important. 
In Har-63, pods per node on the main stem and number of 
nodes on the main stem explained 9^ !-^  of the variation in 
plant yield: Again, pods per node on the main stem was the 
single component judged of maximal importance. 
Pods per node on the main stem assumed a much greater 
importance in Har-Dt^  than in Har-63 where it explained 88^  of 
the variation in yield compared to 68?S in Har-63. The effect 
Table 15. R^ -va3.ues for the regression of seed yield (g/plant) on yield components 
in the; Four-Management Experiment^  
Stem components Branch components 
Lines 
Mode 
no. 
Po ds/ 
node 
Seeds/ Seed 
pod size 
Branch Nodes/ 
no. br 
Pods/ 
node 
Seeds/ 
pod 
Seed 
size 
Har-DTg .96(3) .88(1) .93(2) 
Har-63 .94(2) .68(1) 
Combined 
data .89(2) .56(1) .93(3) 
®See footnote to Table 9» 
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of number of nodes on the main stem on the other hand was very 
minor in Har-Dtg. but it was very sizable in Har-63. Har-63 
increased in number of nodes as the intensity of management in­
creased. Har-Dtg had the same number of nodes in Mgt-2, Mgt-3 
and Mgt-4, this difference probably being related to growth 
habit. Har-Dtg being a line of determinate growth habit 
showed more control over the number of nodes produced. They 
both had about the same number of nodes in Mgt-1, the differ­
ence being in favor of Har-63 in the other three managements. 
So, if Har-Dtg was limited in the number of nodes it could set. 
it responded by increasing number of pods per node. 
When the data was combined over both lines, pods per node 
on the main stem, number of nodes on the main stem and pods 
per node on branches accounted for 93?^  of the variation in 
plant yield. 
Nodal distribution of yield components 
This data is presented only for the Four-Management Ex­
periment because only in that experiment was a large effect 
of management observed. The data are presented in graphical 
form for the lines Har-63 and Har-Dkg in Figures 1- 2. and 3. 
It includes for each node the combined data for main stem and 
branches, with all branch information added to the node from 
which the branch arose. 
The nodal distribution of pods was about the same for 
Mgt-2 and Mgt-3 in both lines. However, Mgt-1 produced less 
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Figure 1. Number of pods on each node per plant in the Four-
Management Experiment 
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Figure 2. Seeds per pod on each node per plant in the Pour-
Management Experiment 
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Figure 3- Seed size on each node per plant in the Four-
Management Experiment 
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pods on the top nodes and more pods on the "botton nodes com­
pared to the other two managements. It also had less nodes 
but more pods per node overall, which resulted in a similar 
total pod production (Table 14). 
The first three managements in both lines started pro­
ducing pods on the third node, but in Har-63 number of nodes 
increased with the intensity of management. In Har-Dt^ , less 
nodes were produced compared to Har-63. 
Mgt-4 produced more pods than the other three managements 
in either line. In Har-63 it started producing pods on node 
six and in Har-Dtg on node three. Probably the excessive plant 
height in Mgt-4 for Har-63 reduced light penetration and the 
set of pods in the lower nodes. The increase in number of 
pods came clearly from the nodes in the upper half of the 
plants in both lines and also from more nodes in Har-63. 
In Har-63 there was a higher production of pods centered 
on middle nodes with decreased contribution of nodes close to 
both ends of the plant. In Har-Dt2, however, due to its deter­
minate growth habit there was a higher contribution of top 
nodes which probably accounts for its higher overall pods per 
node average (Table 13). 
Seeds per pod was not appreciably different among manage­
ments in either line, but Mgt-1 had a little less on the top 
nodes in Har-63. This made number of seeds per node much more 
dependent on number of pods than on seeds per pod. There 
seemed a trend of increasing seeds per pod with node number 
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in Har-Dtg. 
Seed size in Har-63 was about the same on all nodes for 
Mgt-2 and Mgt-3. But seed size for Mgt-1 was a little larger 
in the bottom half of the plant. In both lines Mgt-4 produced 
a somewhat larger seed in the top half of the plant, and 
especially in Har-Dtg, smaller seed in the bottom half. Over­
all, there were no statistically significant seed size effects, 
however, for either main stems, branches or the whole plant 
(Tables 12, I3, and 14). Moreover, the regression analysis 
indicates that variation in seed size was unimportant in ex­
plaining variation in yield. Thus, nodal changes within the 
main stem or branches were compensating. 
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DISCUSSION 
Variance of Yield Components 
Through the Results section it became evident that cer­
tain characters are more affected by environment or treatments 
than others. Seed size, particularly, showed very little 
variation both years and under three or four managements. 
Seeds per pod also showed small variation. These were the two 
primary components less affected by treatments. 
Pods per node and number of nodes were more variable and 
would usually change in opposite directions. Differences in 
yield were usually found when this relationship didn't hold or 
was of different magnitude. 
Number of pods was the most variable component and was 
usually accounted for by variation in number of nodes and pods 
per node. Number of seeds showed a variation similar to num­
ber of pods because of the small variation in number of seeds 
per pod. 
Seed weight per plant was a variable character and was 
affected by environment or treatments, although not to the 
extent expected. The managements used in this work were de­
signed with the nbiective of causing large variations in yield, 
but they didn't cause any statistically significant variation 
at all in 1973 and only a very small variation in 1974. The 
only large effect was caused by the C02-enrichment. Branch 
seed weight was more variable than stem seed weight, most of 
66 
that variation being associated with variation in number of 
branches. 
Interrelationships Among Yield Components 
Some selected correlation coefficients were drawn from 
Tables 17, 18, and 19 of the Appendix and are presented in the 
text in Table l6 to show the important relationships among 
characters. 
The simple correlation coefficients resulting from corre­
lating stem seed weight with primary yield components on the 
main stem showed number of pods with the highest and positive 
values. Seed size also showed positive and significant values 
in 1974, but the association was of much lower value. Thus, 
pod number variation could have originated from more pods per 
node or from more nodes. The table shows that it was much 
more a consequence of pods per node. Furthermore, the only 
significant relationship between pods per node and number of 
nodes was a negative one. This negative coefficient was ob­
tained in 1974 in the Three-Management Experiment, and it 
seems these could behave as two competing structures. In this 
experiment, as number of nodes on the main stem was increased 
with the intensity of management less pods were set per node. 
Pod number was highly correlated with seed number and 
any association of seed number and seed weight would be mostly 
realized through number of pods. 
Branch seed yield was more related to number of pods than 
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Table 16. Some selected correlation coefficients 
Correlation 3 Mgt-73 3 Mgt-74 4 Mgt-74 
Stem data 
Seed wt x pod no. 
Seed wt x seeds/pod 
Seed wt x seed size 
Pod no. X pods/node 
Pod no. X node no. 
Node no. x pods/node 
Seed no. x pod no. 
0,76** 
—0 • 06 
0.10 
0.88*$ 
0.49* 
0.04 
0.85** 
0.63** 
-0.06 
0.29* 
0.82** 
0.05 
-0.51** 
0.72** 
0.96** 
0.24 
0.49* 
0.87** 
0.37# 
-0.11 
0.98** 
Branch data 
Seed wt x pod no. 
Seed wt x seeds/pod 
Seed wt x seed size 
Pod no. X pods/node 
Pod no. X node no. 
Node no. x branch no. 
Node no. x nodes/br 
0.91** 
-0.28* 
0.39* 
0.53*-
0.93** 
0.89** 
0.57** 
0.66** 
0.13 
0.73** 
-0.05 
0.96** 
0.85** 
0.44** 
0.98** 
-0.04 
0.07 
0.62** 
0.89** 
0.95** 
0.30 
Whole-plant data 
Seed wt x stem-seed wt 
Seed wt X branch-seed wt 
Seed no. x seed size 
0.90** 
0.43** 
-0,68** 
0.67** 
0,42** 
-0.82** 
0.98** 
-0.24 
0.28 
to the other primary components, seeds per pod or seed size, 
too: On branches though, number of pods was associated most 
with number of nodes rather than pods per node. Furthermore, 
branch node number is more a consequence of branch number- than 
nodes per branch. 
The whole-plant seed weight relied much more on the yield 
produced on the main stem than on branches. There was even a 
negative correlation, though not significant, between whole-
plant seed weight and branch seed weight in the Four-Management 
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Experiment, where there was a very high correlation between 
whole-plant seed weight and stem seed weight (r=o.98**). 
In the Three-Management Experiment, in both years, there 
was a negative and significant correlation between seed num­
ber and seed size. The reason why this was not so in the GO2-
enrichment experiment I attribute to higher photosynthate pro­
duction to support both structures. Because of the very high 
positive correlation between pod number and seed number, it 
would be very improbable that pod number and seed size, which 
both explain most of the variation in yield, could be signifi­
cantly and simultaneously increased, unless seeds per pod 
decreased, but this would mean less seeds. 
Some of these negative correlations and the low variabili­
ty of certain characters may be indicators of the managements 
to be used or approaches to be tried to improve seed yield in 
soybeans. 
Yield Considerations 
As mentioned before, the yield variation encountered in 
this study was not of the order expected, nor was it of a mag­
nitude to draw definite conclusions about the association of 
yield variation with particular yield components. The results 
obtained though were similar among all experiments, and, if 
it is not possible to draw definite conclusions, it seems 
that some general inferences at least can be made. 
The relative variance of yield components, the correlation 
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analysis, and the regression analysis all seem to indicate 
that number of pods is the most important component associated 
with yield variation. Variation in number of pods on the main 
stem, where the greater part of yield is produced, is the re­
sult, first, of pods per node variation and, second, number of 
nodes. Usually, they changed in opposite directions and were 
responsible for most of the compensation in yield among man­
agements. The differences in yield were usually the conse­
quence of the higher yielding management having a good pod set 
properly balanced with number of nodes. In branches, however, 
number of pods was more a consequence of number of branches, 
but anyway, the contribution of branches to total seed yield 
was very small. 
Seeds per pod had a limited contribution. But seed size 
accounted for any difference in yield not explained by number 
of pods, although the contribution of seed size was minor 
compared to pods per node, number of nodes and the resulting 
number of pods. 
The reason for mgt-1, Mgt-2 and mgt-3 yielding about the 
same in 1973 was, I think, because the conditions for growth 
were such as to permit any of these managements to achieve top 
yields* The utilization of different lines or managements just 
allowed this yield to be made in different ways. In 197^ , 
in the Three-Management Experiment, Mgt-3 yielded less than 
the other two because plant growth was greater there, and this 
may have prevented deeper light penetration and production 
70 
from the bottom nodes. The higher number of nodes than Mgt-1 
was not enough to compensate for its lower pod set. 
Now, Mgt-4 greatly increased yield compared to all the 
other managements. It caused the set of many more pods per 
node compared to the others, and this occurred despite a much 
taller stem with more nodes. The contribution of branches 
was insignificant, and this points out that the plant does not 
need branches to yield high. 
The plants on Mgt-^  were very tall and should have pre­
vented deep light penetration compared to Mgt-3, for in­
stance. But the reason for the much higher yield was probably 
related to the higher photosynthate production due to the 
higher concentration of CO2. C02-enrichment has been shown by 
others to cause higher yields in soybeans (Cooper and Brun, 
1967; Al-Kawaz and Hodges, 1970; Hardman and Brun, 1971). As 
it can be seen from Figure 1, the higher production of Mgt-4 
was made mainly from top nodes. Another factor that has been 
shown to increase yield in soybeans is light enrichment, 
mainly at the bottom portions of the plant (Johnston et al., 
1969). So, there seems to be a photosynthate limitation to 
yield in soybeans. 
Har-Dt-; because of its growth habit and strong control 
over plant growth through number of nodes, probably had more 
photosynthate available for pod set. Pod set was much higher 
in Har-Dtg and also within this line the percentage increase 
in pods per node for Mgt-4 compared to the other managements 
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was much higher than for Har-63. There was, in fact, no 
difference for number of nodes on the main stem among Mgt-2, 
Mgt-3, and Mgt-4 for Har-Dtg, whereas Har-63 showed an in­
crease for Mgt-4. 
I think the aim for yield improvement in soybeans should 
be to increase pod set. In indeterminate lines some improve­
ment could also be obtained by increasing node number, but this 
might result in undesirable lodging rates unless intemodes 
could be shortened. This higher pod set can be obtained from 
additional photosynthate production from extra lighting, mainly 
at the bottom of the plant or from extra COg. The deeper 
light penetration could be provided by selecting for the proper 
canopy characters. The higher photosynthate production could 
also be provided by carbon dioxide enrichment of the atmos­
phere, but this is far from being economical at the present 
time. It also might be obtained by selecting for higher photo-
synthetic rates or more area involved in photosynthesis. If 
this is done, there is no need to select for specific compo­
nents anyway, except yield, because this would be the end 
result and most probably would come from pods per node and (or) 
number of nodes. But, it would seem there may be a need to 
select to keep the "proper" balance between pod set and node 
number. 
There is no need to select for branching, but it would 
be desirable to have this potential in case of poor conditions 
for growth. 
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I think it is still up to the crop production and crop 
physiology researchers to search for ways to improve light 
distribution in the plant, and also, the reasons for pod set. 
Finally, one cannot breed for number of pods or seeds, 
and seed size simultaneously, because there is, usually, a 
negative correlation between them. For instance, Magna which 
is a "large-seeded" line produces less pods than other "normal" 
lines. So, it seems the alternative is to breed for higher 
photosynthate production to provide enough for both characters. 
Perhaps some improvement could be gained through higher harvest 
index, but it seems doubtful that it would give significant 
increases in yield, because of interdependence between 
structures. 
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APPENDIX 
Table 1?. Simple correlation coefficients (r) between charac­
ters measured in the Three-Management Experiment— 
1973 
Stem data 
Height, Intnd Seed Pod Seed Node 
cm Inth.cm wt, g no. no. no. 
Stem data 
Lodging 0.34* 0.33* 0.20 O.39** 0.41** 0.I3 
Height, cm O.65** O.I9 O.I6 0.28* 0.6?** 
Intnd Inth, cm -0.09 -0.2?* -0.22# -0.11 
Seed wt, g O.76** O.6O** 0.35** 
Pod no. 0.85** 0.49** 
Seed no. 0.59** 
Node no. 
Pods/node 
Seeds/pod 
Seed size, g/lOO 
Branch data 
Length, cm 
Branch no. 
Node no. 
Seed wt, g 
Pod no. 
Seed no. 
Nodes/br 
Pods/no de 
Seeds/pod 
Seed size, g/lOO 
Whole-plant data 
Seed wt, g 
Node no. 
Pod no. 
Seed no. 
Pods/node 
Seeds/pod 
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Branch data 
Seed 
Pods/ Seeds/ size, Length, Branch Node Seed 
node pod g/100 cm no. no. wt, g 
0.37** 0.17 -0.31 -0.24# 0.05 -0.02 -0.06 
-0.15 0.24# -0.12 0.19 0.08 0.00 -0.15 
-0.24# -0.02 0.21 -0.28* 0.02 -0.21 -0.08 
0.68** -0.06 0.10 0.16 0.02 0.03 0.01 
0.88** 0.08 =0.42** 0.09 0.00 0.10 -0.08 
0.67** 0.57** -0.71** 0.12 -0.15 -0.03 -0.30* 
0.04 0.33* -0.36** 0.51** 0.10 0.22 -0.11 
-O.O6 -0.29* -Û.I6 -0.07 -0 « 01 -O0O5 
-0 .76* *  0.05 -0.32* -0.26# -0 .47* *  
0.02 0.26# 0.13 0.10 
0.20 0.48** 
0.89** 
0.23 
0.82** 
0.83** 
Table 1?. (Continued) 
Branch data 
Seed 
Pod Seed Nodes/ Pods/ Seeds/ size 
no. no. br node pod g/100 
Stem data 
Lodging 0.02 0.07 -0.12 0.29* 0.16 -0.22 
Hei ght -0.11 -0.07 -0.16 -0.26# 0.36* -0.09 
Intnd 1. -0.20 
-0.19 -0.52** 0.08 0.18 0.27# 
Seed wt 0.01 0.01 0.07 -0.10 0.03 -0.08 
Pod no. 0.07 0.11 0.14 0.06 0.17 -0.50** 
Seed no. -0.08 -0.00 0.17 0.05 0,41** -0.72** 
Node no. 0.05 0.10 0.28* 
-0.39** 0.27# -0.37** 
Pods/node 0.03 0.05 0.01 0.30* 0.06 
-0.39** 
Seeds/pod -0.29* -0.18 0.08 0.05 0.59** -0.68** 
Seed size 0.15 0.04 -0.12 -0.19 
-0.53** 0.87** 
Branch data 
Length 0.32* 0.32* 0.74** -0.50** 0.02 -0.05 
Branch no. 0.87** 0.87** 0.24# -0.14 -0.21 0.24# 
Node no. 0.93** 0.93** 0.57** -0.23 -0.19 0.08 
Seed wt 0.91** 0.86** 0.37** 0.06 -0.28* 0.39** 
Pod no. 0.98** 0.51** Û.53** -0.21 -0.08 
Seed no. 0.53** 0.07 -0.08 -0.00 
Node&/br -0.24# -0.08 -0.15 
Pods/node 0.11 — 0.10 
Seeds/pod -0.62** 
Seed size 
Whole-plant data 
Seed wt 
Node no. 
Pod no. 
Seed no. 
Pods/node 
Seeds/pod 
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Whole-plant data 
Seed 
Seed Node Pod Seed Pods/ Seeds/ size, 
g/100 wt, g no. no. no. node pod 
0.15 0.06 0 .37* *  0.41** 0.50** 0.16 -0.30* 
0.11 0.41** 0.12 0.25# -0.14 0.24# -0.12 
-0.11 -0.20 -0.31* —0.26# 0.00 -0.02 0.21 
0 .90* *  0.24# 0.71** 0.59** 0 .38* *  —0.06 0.09 
0 .65* *  0.37** 0.95** 0.86** 0.48** 0.09 -0.42** 
0.41** 0.34* 0 .77* *  0 .97* *  0.32* 0.57** -0 .72* *  
0 .27*  0 .76* *  0.48** 0 .60* *  -0.20 0.33* -0 .37* *  
0 .59* *  0.01 0 .83* *  0 .66* *  0 .66* *  -0.06 -0 .29*  
-0.25# 
0.26# 
0.03 -0.00 0.51** -0.12 0.99** -0 .77* *  
-0.13 -0.34" —0 « 68** —0.10 -0.77** 0 .99* *  
0.25# 0 .62* *  0.18 0.12 -0.37** 0,05 0.02 
0 .82* *  0.65** 0.26# 0.05 0.16 -0.33* 0 .28*  
0 .38* *  0 .79* *  0.37** 0.17 0.08 -0.26# 0.15 
0.43** 0.47** 0.18 -0.09 0.20 -0.46** 0.45** 
0.39^ * 0.65*^  0.35^ * 0.14 0.27^  -0 » 29" 0 • 17 
0 .37* *  0 .67* *  0 .39* *  0.22# 0 .29*  -0.18 0.07 
0.23 0.54** 0 .29*  0 .28*  -0.03 0.08 -0.11 
—0.06 
-0 .39* *  0 .08  0.07 0 .86* *  0.05 -0.18 
-0.09 0.04 0.10 0 .38* *  0.11 0 .62* *  -0.54%* 
0.09 -0.16 =0.44%^  =0.70"" -G.27" M JL Jk. — VefV" " Vc vy"" 
0.41** 0 .72* *  0 .49* *  0 .43* *  -0.25# 0.27* 
0.54** 0 .49* *  -0 .07  0.03 -0.13 
0.84** 0.53** 0.00 0.34%* 
0 .38* *  0.58** -0 ,68* *  
-0.12 -0.09 
-0.77** 
Table 18. Simple corrolatirn coefficients (r) between charac­
ters measured in the Three-Management Experiment— 
1974 
Stem data 
Height, Intnd Seed Pod Seed Node 
cm Inth, cm wt, g no. no. no. 
Stem data 
Lodging -0.51** 
Height, cm 
Intnd Ingh, cm 
Seed wt, g 
Pod no. 
Seed no. 
Node no. 
Pods/node 
Seeds/pod 
Seed size, g/lOO 
Branch data 
Length, cm 
Branch no. 
Node no. 
Seed wt, g 
Pod no. 
Seed no. 
Nbdes/br 
Pods/no de 
Seeds/pod 
Seed size, g/lOO 
Whole-plant data 
Seed wt, g 
Node no. 
Pod no» 
Seed no. 
Pods/node 
Seeds/pod 
•0.10 
0.69** 
0.12 
-0.19 
-0.05 
-0 .03  
•0.30* 
0.49** 
0 .63* *  
•0.01 
•0.15 
-0.48** 
0.41** 
0.72** 
-0.61** 
0.68** 
-0.04 
0.24# 
0.05 
0.26# 
83 
Branch data 
Seed 
Pods/ Seeds/ size Length, Branch Node Seed 
node pod g/100 cm no. no. wt, g 
0.33* 0.03 0.05 -0.50** 0.04 -0.14 0.06 
-0.64** 0.08 0.00 0.19 0.00 0.05 0.08 
-0.38** -0.21 0.44** -0.21 -0 .29*  -0 .37* *  -0 .18  
0 .68* *  -0.06 0 .29*  -0.46** -0 .53* *  -0.64** -0 .38* *  
0 .82* *  0.04 -0 .27*  0 .02  -0.21 -0.13 -0.18 
0.47** 0.72** -0.74** -0.11 0.06 0.00 0.02 
-0.51** 0 .32*  -0.42** 0.47** 0 .32*  0.47** 0 .32*  
-Û.I3 0.00 -0.28# 
-0.35 — -0 .37* *  -0 .32*  
-0 .81* *  -0.18 0 .31*  0.14 0 .21  
-0.16 
-0.47** -0.46** -0 .29*  
0.18 0.61** 0.10 
0.85** 0.61** 
Ci 
Table 18. (Continued) 
Branch data 
Seed 
Pod Seed Nodes/ Pods/ Seeds/ size 
no. no. br node pod g/lOO 
Stem data 
Lodging 0.00 0.02 
-0.35* 0 .66* *  0.27# 0.07 
Height -0.01 0.01 0.04 -0 .33*  0.16 0.10 
Intnd 1. 
-0.33* -0.30* -O.26# 0.10 0.11 0.06 
Seed wt -0.65** -0.66** -0.34* 0.00 -0.10 0.15 
Pod no. -0.18 -0.22 0.04 -0.21 -0.07 -0.06 
Seed no. —0.06 -0.05 -0.18 -0.30* 0.37** -0.01 
Node no. 0.34* 0.35* 0.33* -0.55** 0.09 0.08 
Pods/node -0.34* 
-0.37** -0.17 0.18 -0.11 -0.10 
Seeds/pod 0.10 0.16 -0.30* -0.20 0.63** 0.02 
Seed size -0.41** -0.44** -0.00 0.25# -0.52** 0.13 
Branch data 
Length 0.53** 0.48** 0.84** -0.36** -0 .45* *  -0.25# 
Branch no. , 0.8$** 0 .87* *  0.01 0.13 0.20 -0.04 
Node no. 0 .96* *  0.95** 0.44** -0.03 — 0.01 -0.07 
Seed wt 0.66** 0 .67* *  0.17 0.17 0.13 0 .73* *  
Pod no. 0.99** 0.28* -0.05 0. 02 — 0 9 08 
Seed no. -0.02 
-0.19 0.12 -0.03 
Nodes/br 
-0.24# -0.48** -0.02 
Pods/node 0.24# -0.03 
Seeds/pod -0.00 
Seed size 
Whole-plant data 
Seed wt 
Node no= 
Pod no. 
Seed no. 
Pods/node 
Seeds/pod 
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Table 19. Simple correlation coefficients (r) between charac­
ters measured in the Four-Management Experiment 
Stem data 
Height, Intnd Seed Pod Seed Node 
cm Inth, cm wt, g no. no. no. 
Stem data 
Lodging 0.29 
Height, cm 
Intnd Inth, cm 
Seed wt, g 
Pod no. 
Seed no. 
Node no. 
Pods/node 
Seeds/pod 
Seed size, g/100 
Branch data 
Length, cm 
Branch no. 
Node no. 
Seed wt, g 
Pod no. 
Seed no. 
Nodes/br 
Pods/node 
Ssedb/pod 
Seed size, g/100 
Whole-plant data 
Seed wt, g 
Node no. 
Pod no. 
Seed no. 
Pods/node 
Seeds/pod 
0.29 0.15 
0.94** 0.65** 
0.68** 
0.05 
0.52** 
0.54** 
0 .96* *  
0.06 
0 .60* *  
0.62** 
0 . 98* *  
0 .98* *  
0.16 
0 .89* *  
0 .71* *  
0.48* 
0.37# 
0.46* 
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Branch data 
Seed 
Pods/ Seeds/ size Length, Branch Node Seed 
node pod g/100 cm no. no. wt, g 
-0.02 -0.02 0.46* -0.00 -0.11 -0.14 0.01 
0.09 0.55** 0.46* 0.38# —0 « 26 -0.26 -0.18 
0.21 0.47* 0.55** 0.19 -0.30 -0.34 -0.16 
0 .78* *  0.24 0.49* -0.04 -0.43* -0.53** -0.39# 
0.87** 0.07 0.31 -0.09 -0.47* -0.57** -0.45* 
0.81** 0.24 0 .32  -0.01 -0.42* -0.51** -0.40* 
-0.11 0 .60* *  0.23 0.57** -0.13 -0.07 -0.15 
-0.21 0.21 
-0.37# -0.45* -0.58** -0.42* 
0.06 0.50* 0.19 0.25 0.16 
-0.22 -0,27 -0.387^  ^ -0.15 
-0.03 0.26 
0.95** 
-0.03 
0.93** 
0.90** 
Table 19. (Continued) 
Branch data 
Seed 
Pod Seed Nodes/ Pods/ Seeds/ size 
no. no. br node pod g/100 
Stem data 
Lodging -0.04 -0.01 -0.13 0.09 0.32 0.61** 
Height -0.21 
-0.19 -0.11 0.17 0.36 0.30 
Intnd 1. -0.20 -0.19 -0.22 0.3?# 0.35 0.43# 
Seed wt -0.34# -0.40* -0.30 0.56* -0.15 0.19 
Pod no. 
-0.39# -0.45* -0.24 0.53* -0.21 0.04 
Seed no : -0.34# -0.40* -0.23 0.53* -0.23 0.02 
Node no. -0.16 -0.14 0.06 
-0.13 0.28 0.04 
Pods/node 
-0.35# -0.43* -0.29 0.63** -0.38# 0.03 
Seeds/pod 0.20 0.18 0.09 
— 0.44jr 
0.00 
0.35 
-0.07 -0.08 
Seed size —0 « 19 —0.20 0.21 0.75** 
Branch data 
Length -0.0? 
Branch no, 0.94** 
Node no. 
Seed wt 
rO u iiO. 
Seed no. 
Node^ br 
Pods/node 
Seeds/pod 
SSSd 5126 
0.89** 
0.98** 
•0.01 
0.94** 
0.91** 
0.99** 
0 0 
0.78** 
-0.03 
0.30 
0.00  
—0. 2u 
-0.24 
•0.54* 
0.11 
•0.14 
0.30 
0.62*2 
0.61** 
•0.57** 
0.10 
0.21 
•0.12 
•0.04 
•0 9 27 
•0.25 
•0.01 
•0.32 
•0.19 
•0.14 
•0.19 
0.07 
0 9 03 
0 .02  
•0.23 
0.26 
0.34 
Whole-plant data 
Seed wt 
No de no • 
Pod no. 
Seed no. 
Pods/node 
Seeds/pod 
Whole-plant data 
Seed 
Seed Node Pod Seed Pods/ Seeds/ size 
wt, g no. no. no. node pod g/100 
0.16 
0.66** 
0.69#* 
0.98** 
0.94** 
0.96** 
0.48* 
0.75** 
0.29 
0.49* 
0.03 
0.56** 
0.36 
0.05 
-0.05 
0.05 
0.77** 
-0.46* 
0.65** 
-0.04 
0.05 
0.50* 
0.54** 
0.95** 
0.97** 
0.97** 
0.36# 
0.85** 
0.13 
0.29 
0.06 
0.60** 
0.62** 
0.96** 
0.95** 
0.98#* 
0.46* 
0.78** 
0.29 
0.30 
0.03 
0.06 
0.17 
0.47* 
0147* 
0.45* 
-0.09 
0.54** 
-0.02 
0.25 
0.01 
0.61*^  
0.53** 
0.24 
0.07 
0.23 
0.64** 
-0.24 
0.98** 
0.09 
0.47* 
0.46* 
0.55** 
0.48* 
0.30 
0.31 
0.23 
0.21 
0.05 
0.99** 
-0.05 0.66** -0.11 -0.02 -0.52* 0.54* -0.22 
-0.29 0.49* -0.29 -0.25 0.23 0.14 —0 • 28 
-0.41* 0.57** -0.41* -0.36# 0.03 0.21 -0.38# 
-0.24 0.45* -0.26 -0.23 0.31 0.12 -0.16 
-0.19 0.43* -0.19 -0.16 Û.39# 0.13 -0 0 21 
-0,25 0.47* -0.26 -0.22 0.29 0.14 -0.21 
-0 » 31 0.24 -0.26 -0.24 
-0.50* 0.10 -0.43# 
0.63** -0.20 0.62** 0.61** 0.93** -0.07 0.35 
-0.16 0.16 -0,27 -0.25 
-0.38# 0.08 0.22 
0.21 -0.08 Û.Û3 0.02 0.16 =•0.05 r\ r-i V S f ( " " 
0.13 0.96** 0.97** 0.55** 0.28 0.48* 
0.03 0.15 -0.05 0.66** -O0O5 
0.98** 0.59** 0.10 0.28 
0.54** 0.27 0.26 
-0,10 Û.23 
0.08 
Table 20. Mean squares for characters recorded in 1973 in three managements 
Sources of 
variation 
Replication 
Management (M) 
Errora 
Line (L) 
L X M 
Error b 
CV io (a) 
C V  ^  ( b )  
Sources of 
variation 
Replication 
Management ( M ) 
Error a 
Line (L) 
L X M 
Error b 
CV fo (a) 
C V  #  ( b )  
Stem data 
d.f. Height Node no. Intnd ].nth Lodging Pod no. 
2 651.29 8.89 0.95 114.59 242.12 
2 1415.77* 15.22* 0.77 352.50 18.08 
k- 98.31 0.82 0 .38  494 .59  20.83 
5 426.70** 6.64** 0.88^ *^ 440.69** 131.21** 
10 78.58** 0.93 0.06 76.64 8.18 
30 13.91 0. 68 0.07 46. 62 8.22 
8.66 4.85 10.05 12.85 14.28 
3.26 4.41 4.31 3.94 9.09 
Stem data 
d.f. Seed no. Pods/node Seeds/pod Seed size Seed wt 
2 785.09 0.32 0.0398 6.87 52513^ .10 
2 8.17 0.32* 0.0610** 1.06 11574.96 
4 114.25 0.02 0.0023 0.57 67818.24 
5 1179.42** 0.29** 0.4896** 220 .19* *  38988.41 
10 49.60 0.01 0.0157 1.40 17872.35 
30 54.70 0.01 0.005)2 1.16 23751.59 
15.89 8.27 12.00 3.54 18.19 
11.00 5.84 4.58 5.06 10.76 
Table 20. (Continued) 
Branch data bources 01 
variation d. f Branch no. Nodes/br Pods/node Seeds/pod Seed size 
Replication 2 0. 12 2. 09 0.02 0. 03 3. 25 
Management (M) 2 0. 11 0. 64 0.93* 0. 04 5. 01 
Error a 4 0. 04 0. 96 0.06 0. 02 15. 06 
Line (L) 5 1. 70** 2. 60* 0.09 0. 60** 928. 
L X M 10 0. 05 1. 80* 0.08 0. 08# 34. 80 
Error b 30 0. 34 0. 75 0.10 0. 04 25. 36 
CV ^  (a) 32. 78 37. 97 19.13 7. 00 18. 08 
CV fo (b) 56. 66 33. 56 24.70 9. 90 23. 46 
Sources of 
variation d. f. 
Branch data 
Node no. Pod . no. Seed no. Length Seed wt 
Replication 2 2.15 
Management (M) 2 1.58 
Error a 4 0.^ 3 
Line (L) 5 6.12** 
L X M 10 2.16 
Error b 30 1.12 
CV f. (a) 31.22 
CV f. (b) 50.39 
2 . 7 2  
6.98* 
0.64-
5.99** 
2.43 
1.49 
39.60 
53.07 
8.60 
24.97* 
3.10 
30.60** 
10.57 
8.05 
42.94 
59.10 
2510551 
7907537* 
492574 
2921121* 
1099203 
944091 
31.22 
43.22 
11453.59 
23434.26** 
861.81 
21211.02** 
5329.45 
3375.03 
33.35 
58.09 
Table 20. (Continued) 
Whole--plant data 
oources oi 
variation d.f. Node no. Pod no. Seed no. Pods/node 
Replication 2 18.94 285.10 915.09 0.16 
Management (M) 2 10.79* 39.48 6.18 0.98* 
Error a 4 0.78 19.42 119.46 0.05 
Line (L) 5 24.67** 125.37** 1137.95** 0.17* 
L X M 10 3.09 11.95 56.03 0.02 
Error b 30 2.92 11.74 69.72 0.05 
CV % (a) 4.36 12.96 15.32 13.38 
CV % (b) 8.44 10.08 11.70 13.38 
Sources of Whole-plant data 
variation d.f. Seeds/pod Seed size Seed wt 
Replication 2 0.0551 7.35 632529.01 
Management (M) 2 0.0769# 0.86 25695.27 
Error a 4 0.0133 0.80 62291.76 
Line (L) 5 0.4527** 255.54** 47525.56 
L X M 10 0.0127 1.34 33425.58 
Error b 30 0.0090 0.96 28275.79 
CV % (a) 5.51 4.20 16.43 
CV % (b; 4.53 4.60 11.07 
Table 21. Mean squares for characters recorded in 197^ in three managements 
Sources of Stem data 
variation d.f. Height Node no. Intnd Inth Lodging Pod no. 
Replication 2 7.57 1.08 0.09 0.10 5.61 
Management (M) 2 1912.00** 31.07** 1.79** 6.07** 0.32 
Error a 4 8.62 0.04 0.02 0.03 4.75 
Line (L) 5 377.87** 4.44** 1.06** 0.14# 59.04** 
L X M 10 19.08# 0.60** 0.04 0.14* 5.03 
Error b 30 10.27 0.14 0.02 0.06 5.24 
CV % (a) 2.69 1.13 2.46 9.95 7.67 
GV fo (b) 3.16 2.11 2.46 14.07 8.06 
Sources, of Stem data 
variation d.f. Seed no. Pods/node Seeds/pod Seed size Seed wt 
Replication 2 5.68 0.0010 0.0167 0.0001 1.84 
Manage me nt (M) 2 30.40 0.2590** 0.0203 0.0003# 0.98 
Error a 4 13.47 0.0105 0.004? 0.000049 0.47 
Line (L) 5 1007.03** 0.2611** 0.7824** 0.0153** 13.43** 
L X M 10 46.18 0.0127 0.0106** 0.000051 1.90 
Error b 30 26.09 0.0149 0.0034 0.000063 1.11 
CV fo (a) 5.48 6.36 2.91 0.36 5.28 
CV fo (b) 7.63 7.53 2.48 0.40 8.12 
Table 21. (Continued) 
Sources of Branch data 
Kode»/br Pods/node Seeds/pod variation d.f. Branch no. Seed size 
Replication 2  0.32 0.04 0.0000 0.03 0.01 
Management (M) 2 0.73** 0.13# 0.0104** 0.15 0.01 
Error a  k 0.01 0 .02  0.0001 0.04 0.01 
Line (L) 5 1.13#* 0.1$** 0.0011* 0.60** 0.02 
L X M 10 0.06 0.0?** 0.0004 0 .06*  0.01 
Error b 30 0.05 0.02 0.0003 0.02 0.02 
CV ^  (a) 16.66 3.37 1.02 8.96 0.49 
GV % (b) 13.41 3.37 1.76 6.34 0.70 
Branch data qOUJTCSS O I  
variation d. f .  Mode no. Pod no. Seed no. Length Seed wt 
Replication 2 4.31 3.26 16.72 124.10 0.10 
Management (M) 2 13.57** 5.61** 27.17* 2164.46* 1.04 
Error a  4 0.32 0.25 1.57 156.33 0 .29  
Line {L) 5 39.93** 34.24** 163.84 1474.00** 1.94** 
L X M 10 2 .80*  3.24** 16.09* 178.05# 0.61 
Error b 30 1.01 1.26 6.59 85.55 0.38 
CV % (a) 22.53 20.16 22.57 38.30 53.85 
CV % (b )  40.03 45 .26  46.25 28.33 - 61.64 
Table 21. (Continued) 
Sources of V/hole-plant data 
Pods/node variation d.f. Node noo Pod no. Seed no. 
Replication 2 1.1921 0.41 5.26 0.0001 
Management (M) 2 . 34.)712** 8 .63  101 .76*  0.0933** 
Error a 4 0.0094 2.88 8.27 0.0022 
Line (L) 5 5.4334** 85.36** 1195.09** 0.9534** 
L X M 10 0.6544** 6.01 47.00# 0.0037 
Error b 30 0.1845 4.57 22.89 0.0033 
CV f. (a) 0.48 5.49 3.96 3.06 
CY 0 (b) 2.12 6.92 6.59 
Sources of Whole-plant data 
variation d.f. Seeds/pod Seed size Seed wt 
Replication 2 0.0117 0.0001 0.75 
Management (M) 2 0.0105 0.0002 6 ,51# 
Error a 4 0.0044 0.0002 0.95 
Line (L) 5 0 .7629**  0.0147** 3.39 
L X M 10 0.0080* 0.0001 4.24* 
Error b 30 0.0030 0.0001 1.84 
CV fo (a) 2.83 0.72 6.92 
CV f. (b) 2.34 0.51 9.63 
Table 22. Mean sq.ua;ires for characters recorded in 19?4 in four managements 
Sources of Stem data 
variation d.f. Height Node no. Intnd Inth Lodging Pod no. 
Replication 2 14.17 0.82 0.04 0.11 10.31 
Management (M) 3 3134.91** 12.68** 3.77** 2 .32* *  270.80** 
Error a 6 21.24 0.15 0.05 0.18 2.55 
Line (L) 1 3458.40** 14.10** 3.33** 1.12* 110.08* 
L X M 3 683.18** 4.82** 0 .27* *  1.53** 7.24 
Error b 8 15.04 0.05 0.03 0.19 14.67 
CV ^  (a) 4.13 2.15 3.64 22.74 4.78 
GV fo (b) 3.47 1.24 2 .82  23.37 11.46 
Stem data 
oources oi 
variation d.f. Seed no. Pods/node Seeds/pod Seed size Seed wt 
Replication 2 22 .63  0.0098 0.0105 0.000211 2.36 
Management (M) 3 1940.60** 0.4858^ * 0.0235* 0.000248 97 .02* *  
Error a 6 19.85 0.0088 0.0030 0.000082 0.65 
Line (L) 1 393.66# 0.9912** 0.0320* 0.000130 8.31 
L X M 3 45.17 0.0126 0.0077 0.000010 2.43 
Error b 8 77.23 0.0412 0.0042 0.000047 
CV f. (a) 5.50 5.05 2.26 0.46 5.07 
CV fj (b) 10.86 10.94 2 .68  0.34 10.88 
Table 22, (Continued) 
Sources of 
variation 
Branch data 
d. f . ,  Branch no. Kodes/b r Pods/node Seeds/pod Seed size 
Replication 
Management (M) 
Error a 
Line (L) 
L X M 
Error b 
2 
i 
1 
3 
8 
0,0371 
0.3828# 
0.1001 
0.4328* 
0.0959 
0,0.500 
0,0389 
0,0191 
0.0234 
0.0266 
0,0112 
0,0149 
0.0003 
0.0054** 
O.OOÔl 
0.0000 
0.0015 
0.0038 
0.04 
0.06 
0.03 
0.53* 
0,08 
0.06 
0.0000 
0.0006 
0.0003 
0.0007 
0.0003 
0.0001 
CV % (a) 
CV % (b) 
62.00 
43,84 
6.44 
5.13 
0.72 
4.46 
7.83 
11.08 
0.94 
0.54 
Sources of 
variation 
Branch data 
d.f. Node no. Pod no. Seed no. Length Seed wt 
Replication 
Management (M) 
Error a 
Line (L) 
L X M 
Error b 
2 
3 
6 
1 
3 
8 
0.51 
3.23* 
0.65 
3.56** 
Oo5i 
0.31 
0.33 
1.88 
0.96 
3.81# 
1.07 
0.76 
2.70 
10.90 
4.86 
30.84* 
4.65 
3.19 
10.19 
263.74 
153.29 
59.58 
117.20 
117.79 
0.06 
0.26 
0.11 
0.78** 
0.11 
0.07 
CV % (a) 
CV % (b) 
63.23 
43.12 
58.32 
51.89 
57.40 
46.51 
51.63 
45.25 
55.27 
44.09 
Table 22. (Continued) 
V/ho le-"plant data Sources of —— —— 
variation d.f. Nodo no. Pod no. Seed no. Pods/node 
Replication 2 0.11 7.59 13.26 0.0055 
Manageme nt ( M ) 3 13.54** 243.13** 1735.25** 0.1361** 
Error a 6 1.27 1.30 14.82 0.0007 
Line (L) 1 41.87** 60.16 146.52 0.2183** 
L X M 3 2.17# 2.05 21.34 0.0071 
Error b 8 0.73 18.42 95.58 0.0122 
CV fc (a) 3.25 4.54 1.44 
CV % (b) 4.43 12.23 11.53 6.03 
Sources of 
Seeds/pod 
Whole-plant data 
variation d.f. Seed size Seed wt 
Replication 2 0.0077 0.00020 1.29 
Management (M) 3 0.0202* 0.00025 88.93** 
Error a 6 0.0025 0.00008 0.42 
Line (L) 1 0.0398** 0.00013 1.79 
L X M 3 0.0058 0.00000 1.16 
Error b 8 0.0032 0.00004 3.39 
CV f. (a) 2.07 0.45 3.91 
CV fo (b) 2.34 0.32 11.11 
